Washington,  DC  20375-5320 


Naval  Research  Laboratory 


NRL/MR/6110-06-9007 


4th  International  Workshop  on  Methane 
Hydrate  Research  and  Development 


Richard  B.  Coffin 

Chemical  Dynamics  and  Diagnostics  Branch 
Chemistry  Division 

Ross  Chapman 

Centre  for  Earth  and  Ocean  Research  at  the  University  of  Victoria 
Victoria,  British  Columbia,  Canada 


December  27,  2006 


Approved  for  public  release;  distribution  is  unlimited. 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

0MB  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including 
suggestions  for  reducing  this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway, 
Suite  1204,  Arlington,  VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of 
information  if  it  does  not  display  a  currently  valid  0MB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 

1 .  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE 

27 - 1 2-2006  Memorandum  Report 

3.  DATES  COVERED  (From  -  To) 

Final  Report  May  9-11,  2005 

4.  TITLE  AND  SUBTITLE 

4th  International  Workshop  on  Methane  Hydrate  Research  and  Development 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Richard  B.  Coffin  and  Ross  Chapman 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Naval  Research  Laboratory 

4555  Overlook  Avenue,  SW 

Washington,  DC  20375-5320 

8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 

NRL/MR/6110-06-9007 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Office  of  Naval  Research  Global 

Edison  House 

223  Old  Marylebone  Road 

London  NWl  5TH 

United  Kingdom 

10.  SPONSOR  /  MONITOR’S  ACRONYM(S) 

11 .  SPONSOR  /  MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 

13.  SUPPLEMENTARY  NOTES 


14.  ABSTRACT 

The  Fourth  Workshop  of  the  International  Committee  on  Gas  Hydrates  Research  and  Development  was  held  during  9-11  May  2005  in  Victoria,  British 
Columbia,  Canada.  Invited  national  agency  representatives  and  international  researchers  from  university,  government,  and  industry  convened  to  assess 
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cussions,  conducted  as  a  working  event  where  all  participants  engaged  in  open  discussions  to  develop  collaborative  methane  hydrate  studies.  The  workshop 
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of  Bergen,  Bergen,  Norway;  the  Office  of  Naval  Research  -  Global;  the  Geological  Survey  of  Canada,  and  the  United  States  Department  of  Energy.  This 
series  of  annual  international  methane  hydrate  research  and  development  workshops  was  initiated  during  March  2001  at  the  University  of  Hawaii.  Sub¬ 
sequent  workshops  have  been  held  in  Washington,  DC,  USA,  and  Vina  del  Mar,  Chile.  At  the  previous  three  meetings,  the  focus  was  on  presentation  of 
research  results  on  selected  hydrate  themes,  and  description  of  national  hydrate  research  programs.  The  workshops  have  resulted  in  international  field  and 
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tive  scientific  work  among  the  nations.  It  is  our  conviction  as  organizers  of  the  workshop  that  the  national  research  programs  could  greatly  benefit  by 
combining  resources  to  carry  out  experiments,  and  sharing  the  results  of  the  research.  The  workshop  was  organized  around  four  themes  that  included:  1) 
Methane  Hydrate  Resource  Characterization  and  Distribution,  2)  Methane  Hydrates  Kinetics,  Dissociation  and  Biogeochemistry,  3)  Environmental  Con¬ 
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IV 


Overview 


The  Fourth  Workshop  of  the  International  Committee  on  Gas  Hydrates  Research  and 
Development  was  held  during  9-11  May  2005  in  Victoria,  British  Columbia,  Canada.  Invited 
national  agency  representatives  and  international  researchers  from  university,  government,  and 
industry  convened  to  assess  research  priorities  and  to  promote  international  collaboration  on 
methane  hydrate  research.  The  2.5-day  workshop  included  plenary  lectures  and  panel 
discussions,  conducted  as  a  working  event  where  all  participants  engaged  in  open  discussions  to 
develop  collaborative  methane  hydrate  studies.  The  workshop  was  organized  by  the  Centre  for 
Earth  and  Ocean  Research  at  the  University  of  Victoria,  Victoria,  British  Columbia,  Canada;  the 
Marine  Biogeochemistry  Section  at  the  Naval  Research  Laboratory,  Washington,  DC,  USA,  the 
Hawaii  Natural  Energy  Institute  of  the  University  of  Hawaii,  Honolulu,  Hawaii,  USA  and  in 
cooperation  with  the  Institute  for  Energy  Utilization,  AIST,  Hokkaido,  Japan;  the  Department  of 
Physics  and  Technology  at  the  University  of  Bergen,  Bergen,  Norway;  the  Office  of  Naval 
Research  -  Global;  the  Geological  Survey  of  Canada  and  the  United  States  Department  of 
Energy. 

This  series  of  annual  international  methane  hydrate  research  and  development  workshops 
was  initiated  during  March  2001  at  the  University  of  Hawaii.  Subsequent  workshops  have  been 
held  in  Washington,  DC,  USA  and  Vina  del  Mar,  Chile.  At  the  previous  three  meetings,  the 
focus  was  on  presentation  of  research  results  on  selected  hydrate  themes,  and  description  of 
national  hydrate  research  programmes.  The  workshops  have  resulted  in  international  field  and 
laboratory  collaborations  between  US,  Canadian,  Japanese,  Chilean  and  German  scientists 
working  on  methane  hydrate  exploration  off  the  coasts  of  the  US,  Canada,  Chile  and  Japan. 

At  the  Victoria  workshop,  the  objective  was  more  ambitious.  A  primary  goal  was  to 
begin  discussions  on  developing  plans  for  continuing  the  collaborative  scientific  work  among  the 
nations.  It  is  our  conviction  as  organizers  of  the  workshop  that  the  national  research  programmes 
could  greatly  benefit  by  combining  resources  to  carry  out  experiments,  and  sharing  the  results  of 
the  research.  The  workshop  was  organized  around  four  themes  that  included:  1)  Methane 
Hydrate  Resource  Characterization  and  Distribution,  2)  Methane  Hydrates  Kinetics,  Dissociation 
and  Biogeochemistry,  3)  Environmental  Concerns:  Seabed  Stability  and  Ecosystem  Health,  4) 
Methane  Hydrate  Future  Development. 
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I.  INTRODUCTION: 


The  4***  International  Workshop  on  Methane  Hydrate  Research  and  Development 

was  held  in  Vietoria,  BC,  Canada  from  May  9-11,  2005.  The  Workshop  organizers  were  Dr. 
Ross  Chapman,  Center  for  Earth  and  Oeean  Research  (CEOR)  at  the  University  of  Victoria, 
Victoria,  British  Columbia,  Canada,  Dr.  Richard  Coffin,  Marine  Biogeochemistry  Section,  US 
Naval  Research  Laboratory,  Washington  DC  and  Sonia  Wolff,  Assistant  Director,  Office  of 
Naval  Research  Global  LA. 

The  Workshop  was  sponsored  by  the  Center  for  Earth  and  Ocean  Research  at  the 
University  of  Victoria,  British  Columbia,  Canada;  the  Marine  Biogeochemistry  Section  at  the 
Naval  Research  Laboratory,  Washington,  DC,  USA;  the  Hawaii  Natural  Energy  Institute  of  the 
University  of  Hawaii,  Honolulu,  Hawaii,  USA;  and  in  cooperation  with  the  Energy  Technology 
Research  Institute,  AIST,  Japan;  the  Department  of  Physics  and  Technology  at  the  University  of 
Bergen,  Bergen,  Norway;  the  Office  of  Naval  Research-Global;  the  Geological  Survey  of 
Canada  and  the  United  States  Department  of  Energy.  Building  on  the  success  of  the  three 
previous  international  workshops  on  methane  hydrates,  this  workshop  was  seen  as  an  excellent 
opportunity  to  promote  open  discussion  to  identify  the  most  important  questions  in  hydrate 
research  that  can  be  addressed  by  collaborative  international  experiments. 

The  workshop  included  plenary  lectures  and  open  discussions  in  breakout  sessions  that 
were  conducted  as  a  working  event  where  all  participants  had  the  opportunity  to  contribute.  The 
objectives  at  this  meeting  were  to  promote  open  discussion  to  identify  knowledge  gaps  in  hydrate 
research,  and  set  research  priorities  that  could  be  addressed  by  collaborative  international 
experiments.  It  was  our  conviction  as  workshop  organizers  that  the  national  research  programs 
could  greatly  benefit  by  combining  resources  to  carry  out  experiments,  and  by  sharing  the  results 
of  the  research. 

The  breakout  sessions  were  organized  in  four  theme  topics.  The  discussions  in  each 
group  were  facilitated  by  a  session  leader,  who  was  assisted  by  a  rapporteur  to  record  the 
discussions  that  took  place.  The  theme  topics  included: 

1.  Methane  Hydrate  Resource  Characterization  and  Distribution  :  This  session  focused 
on  current  hydrate  exploration  in  marine  and  arctic  environments.  In  addition  to  surveys 
of  the  hydrate  characterization  and  distribution,  session  topics  included  geophysical, 
geochemical  and  biological  parameters  that  are  relevant  to  the  field  survey. 

•  Session  Chair:  Dr.  Warren  T.  Wood,  Geophysicist,  Marine  Geosciences 
Division,  U.  S.  Naval  Research  Laboratory 

2.  Methane  Hydrates  Kinetics,  Dissociation  and  Biogeochemistry:  This  session  was 
intended  to  combine  laboratory,  field  and  theoretical  investigations  of  physical, 
chemical  and  biological  influence  on  hydrate  stability,  molecular  content  and  lattice 
saturation. 

•  Session  Chair:  John  Ripmeester,  Group  Leader,  Steacie  Institute  of  Molecular 
Sciences,  National  Research  Council  of  Canada 


M  anuscript  approved  A  ugust  24,  2006. 


2 


3.  Environmental  Concerns:  Seabed  Stability  and  Ecosystem  Health:  Research  topics 
in  this  session  included  the  influence  of  coastal  hydrates  on  industrial  platform 
stability,  ocean  carbon  cycling,  global  warming  and  coastal  inhabitant  safety. 
Research  focus  between  the  nations  was  be  integrated  to  address  this  broad  range  in 
topics. 

•  Session  Chair:  Frederick  Colwell,  Microbiologist  in  the  Biotechnology 
Department  at  the  Idaho  National  Laboratory,  operated  by  Battelle  Energy 
Alliance 

4.  Methane  Hydrate  Future  Development:  Discussions  during  the  three  previous 
International  Workshop  on  Methane  Hydrate  R  &  D  have  revealed  different  national 
focuses  in  hydrate  research.  Efficient  integration  of  research  between  nations  requires 
incorporation  of  the  national  goals  within  the  collaborative  research  plan.  This  session 
combined  discussion  on  the  participants’  research  objectives  and  the  intermediate 
steps  to  accomplish  the  goal. 

•  Session  Chair:  Art  Johnson,  President,  Hydrate  Energy  International 

The  discussions  in  each  theme  group  focused  on  the  priorities  of  the  research  that  should 
be  done  to  address  knowledge  gaps,  selection  of  appropriate  sites  for  field  studies,  description  of 
technologies  and  techniques  for  geophysical,  geochemical  and  biological  data  acquisition,  and 
identification  of  collaborative  research  partners.  A  central  goal  across  all  the  groups  was  to 
establish  connections  between  experimental  work  in  the  field  and  laboratory  research.  Although 
there  were  no  formal  sessions  for  orally  contributed  papers,  participants  were  given  the 
opportunity  to  display  posters  at  the  workshop,  and  to  present  briefings  on  specialized  research 
that  was  relevant  to  the  discussions  in  the  breakout  groups.  Summaries  of  the  discussions  are 
presented  below  in  Section  4.  A  final  plenary  session  focused  on  integration  of  the  ideas  from 
the  four  sessions,  and  summarized  the  recommendations. 


3 


II.  WORKSHOP  SCHEDULE: 


HYDRATES  IV  WORKSHOP  PROGRAM 
LAUREL  POIHT  IHH 


Sundar,  8  McV  I 

TIME 

4:00PM-8:00PM 
Marble  Lobbf 

Registration 

7:00PM 

Salons  ABC 

Happy 

Hour 

Monday,  9  May 

TIME 

SESSION 

SPEAKERS 

7:00AM-8:00AM 
Terrace  Room 

Breakfast 

8:00AM-1 0:00AM 
Salons  ABCD 

Main  Plenary 

Session  Chair: 

Ross  Chapman 

University  of  Victoria 

Charles  Pauli:  Does  Gas  Escape  from  Gas  Hydrate 
Deposits? 

Scott  Dallimore:  Characterization  and  distribution  of 
gas  hydrates  at  the  Mallik  field,  Mackenzie  Delta, 
Canada 

Stefan  Buenz:  Gas  hydrates  and  free  gas  in  submarine 
slope  failures:  The  Storegga  Slide  case  study 

Richard  Coffin:  Biogeochemical  Evaluation  of  Hydrate 
Rich  Sediments 

10:00AM-1 0:30AM 
Terrace  Room 

Coffee  Break 

10:30AM-12:30AM 
Salons  ABCD 

Main  Plenary 

Dendy  Sloan:  Hydrate  Kinetics 

Frederick  Colwell:  Rates  of  Biological  Methane 

Session  Chair: 

Richard  Coffin 

Naval  Research 

Laboratory 

Production  in  Marine  Sediments 

Kirk  Osadetz:  Societal  and  structural  trends  affecting 
has  hydrate  research  in  Canada 

Art  Johnson:  Gas  Hydrate:  The  Paths  Forward 

12:30PM-1 :30PM 
Terrace  Room 

Lunch 

1:30PM-3:30PM 
Salon  A:  Theme  1 


Methane  Hydrate 

Resource 

Characterization  and 
Distribution 


Chair:  Warren  Wood 

Marine  Geosciences 

Division,  U.  S.  Naval 
Research  Laboratory 


1:30PM-3:30PM 
Salon  B:  Theme  2 

Methane  Hydrates 

Kinetics,  Dissociation 
and  Biogeochemistry 

Chair:  John  RIpmeester 

Steacie  Institute  for 

Molecular  Sciences, 

National  Research  Council 
of  Canada 

1:30PM-3:30PM  Environmental  Chair:  Frederick  Colwell 

Salon  C:  Theme  3  Concerns:  Seabed  Biotechnology  Department 

Stability  and  Ecosystem  Idaho  National  Laboratory, 
Health  (Battelle  Energy  Alliance) 

1:30PM-3:30PM 
Salon  D:  Theme  4 

Methane  Hydrate  Future 
Development 

Chair:  Art  Johnson 

Hydrate  Energy 

International 

All  sessions:  Open 

discussion  on 

knowledge  gaps  and 
barriers  in  hydrate 
research 


3:30PM-3:45PM 
Terrace  Room 


Coffee  Break 
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TIME 

SESSION 

SPEAKERS 

“3:45PM-5:45PM 
Salon  A:  Theme  1 

Methane  Hydrate 

Resource 

Characterization  and 

Distribution 

Chair:  Warren  Wood 

3:45PM-5:45PM 
Salon  B:  Theme  2 

Methane  Hydrates 

Kinetics,  Dissociation 
and  Biogeochemistry 

Chair:  John  Ripmeester 

Aii  Sessions:  Priorities 
for  new  experimental 
research 

3:45PM-5:45PM 
Salon  C:  Theme  3 

Environmental 

Concerns:  Seabed 

Stability  and  Ecosystem 
Health 

Chair:  Frederick  Colwell 

3:45PM-5:45PM 
Salon  D:  Theme  4 

Methane  Hydrate  Future 
Development 

Chair:  Art  Johnson 

Tuesday,  10  May 

TIME 

SESSION 

SESSION  CHAIR 

SPEAKERS 

7:00AM-8:00AM 
Terrace  Room 

Breakfast 

8:00AM-1 0:00AM 
Salon  A:  Theme  1 

Methane  Hydrate 

Resource 

Characterization  and 

Distribution 

Chair:  Warren  Wood 

Aii  Sessions:  Formulate 

8:00AM-1 0:00AM 
Salon  B:  Theme  2 

Methane  Hydrates 

Kinetics,  Dissociation  and 
Biogeochemistry 

Chair:  John  Ripmeester 

plans  for  collaborative 
experiments.  Focus  on 
experimental  sites,  use  of 

8:00AM-1 0:00AM 
Salon  C:  Theme  3 

Environmental  Concerns: 
Seabed  Stability  and 
Ecosystem  Health 

Chair:  Frederick  Coiweii 

existing  infrastructure  and 
programs. 

8:00AM-1 0:00AM 
Salon  D:  Theme  4 

Methane  Hydrate  Future 
Development 

Chair:  Art  Johnson 

10:00AM-1 0:30AM 
Terrace  Room 

Coffee  Break 

10:30AM-12:30PM 
Salon  A:  Theme  1 

Methane  Hydrate 

Resource 

Characterization  and 

Distribution 

Chair:  Warren  Wood 

Aii  Sessions:  Formulate 

10:30AM-12:30PM 
Salon  B:  Theme  2 

Methane  Hydrates 

Kinetics,  Dissociation  and 
Biogeochemistry 

Chair:  John  Ripmeester 

plans  for  collaborative 
experiments.  Focus  on 
experimental  sites,  use  of 
existing  infrastructure  and 
programs. 

10:30AM-12:30PM 
Salon  C:  Theme  3 

Environmental  Concerns: 
Seabed  Stability  and 
Ecosystem  Health 

Chair:  Frederick  Coiweii 

10:30AM-12:30PM 
Salon  D:  Theme  4 

Methane  Hydrate  Future 
Development 

Chair:  Art  Johnson 

12:30PM-1 :30PM 
Terrace  Room 

Lunch 
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Tuesday,  10  May 

TIME 

SESSION 

SESSION  CHAIR 

SPEAKERS 

3:30PM-3:45PM 
Terrace  Room 

Coffee  Break 

3:45PM-5:45PM 

Results  and  Discussions: 

Salon  AB 

Methane  Hydrate 

Resource 

Chairs: 

Characterization  and 

Warren  Wood 

Distribution 

Art  Johnson 

Methane  Hydrate 

Future  Development 

Integration  of  research 
across  hydrate  research 
themes.  Develop  links 
between  experimental 

research  in  the  field  and 
in  laboratories 

3:45PM-5:45PM 
Salon  CD 

Results  and  Discussions: 
Methane  Hydrates 
Kinetics,  Dissociation 
and  Biogeochemistry 

Environmental 

Chairs: 

John  Ripmeester 
Frederick  Colwell 

Concerns:  Seabed 

Stability  and 

Ecosystem  Health 

7:30PM 

Terrace  Room 

Dinner 

Wed.,  11  May 

TIME 

SESSION 

SESSION  CHAIR 

SPEAKERS 

8:00AM-9:00AM 
Terrace  Room 

Breakfast 

9:00AM-12:00AM 
Salon  ABCD 

Summary  and  Closing  Remarks 

Ross  Chapman 

Richard  Coffin 
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III.  WORKSHOP  PRESENTATIONS: 


A.  Opening  Remarks: 

1 .  Introduction.  Ross  Chapman,  CEOR-UV  and  Richard  Coffin,  NRL. 


4'**  International  Workshop  on  Methane 
Hydrate  Researeh  &  Development 


Chairs: 

Ross  Chapman.  SEOC,  University  of  Victoria.  Victoria.  BC 
Richard  Coffin.  Marine  Biogeochemistiy'  Section,  NRL-DC 
Stephen  Masutani,  Hawaii  Natural  Energy  Institute.  Umversity  of  Hawaii.  HI 
Bjorn  Kvanime,  Department  of  Physics.  University  of  Bergen,  Norway 


University  I  School  of  Earth 
of  Victoria!  and  Ocean  Sciences 


Previous  Topics 

•  C’oastal  hydrate  mapping 

•  Variation  in  hydrate  content 

•  Biological  inlluence  on  hydrate 
ronnation,  stability,  content  and 
lattice  saturation 

•  Methane  hydrate  dissociation 

•  En\  ironmcntal  safely,  platform  stability 

•  Laboratory  experimental  designs 

•  Field  suiA  cy  and  tcclinology  methods 

•  National  program  organization 


Previous  Workshops 


•  Honolulu,  Hawaii  -  March  2001 

•  Washington,  DC  -  October  2003 

•  Vina  del  Mar,  Chile  -  November  2004 


Sessions  4»’  IWMHRD 

*  Methane  Hydrate  Resource 
Characterization  and  Distribution 

‘  Methane  Hydrates  Kinetics. 
Dissociation  and  Biogcochemistry 

*  Environmental  Concerns : 

Seabed  Stability  and  Ecosysiem  Health 

*  Methane  Hydrate  Future  Development 


Inlemational  Collaboration 


Change  in  Approach 
for  4*  IMHRD 

*  Limit  presentations  to  topic  oversiews 

*  Share  science  with  poster  piesciitatiotis 

*  Pla  n  i  lit  ema  t  io  na  1  collab  oration 

*  Integrate  advanced  tec  lino  logy  on 
research  approaches 

*  Share  ledinology  to  support  a 

broad  basic  and  ajiplied  research  goals 

*  Complete  w  orkshop  w  ith  collaborative 
project  plan(s)  and  commit  men  t($) 


Key  Goals  for  4'^  I WMHRD 

•  Research  focus 

•  Colliiborative  silc  seleclioii 

•  Tun  ding  availability 

•  Integration  of  lab,  modeling 
and  field  activity 

•  Fstablish  location  for  the 
5''4WMHRD 

•  Thank  you  Sonia  WoHT 


Workshop  goals 

‘  Plans  for  effective  field  and 

INnM*1«4<U. 

tiKTHANC 

NlOHATE 

laboratoiy  research 

HriMAMi 

HnwATi 

RJIUUCM  AMC 

Develdpheht 

‘  International  participation 

■Roujkh  and 
DcvELcmuirr 

-  Sliuniig  leolmologj^  Eiiid  Liiifastmclure 

-  Exchange  of  data,  knowledge 

Hire-  i[,AMf 

ill 

Workshop  Objectives 


‘  Identify  knowledge  gaps  in 
hydrate  research  themes 

•  Develop  global  perspective 
on  research  priorities 

•  Design  experiments 

-  imcgrnre  field  and  lab  research 


Opportunities  for  effective 
collaboration 

Methane 

Mydsate 

REaUNfiriJMk 

EirmjorMMT 

- 

Data  Nniniiig^ 

-  Sliaring  existing  data  from  lab  and  field 

Create  mveutoiies 

-  Jiilenmliqual  cxpciiise 

'  Meihods  and  lecliuology 

Data  and  results 

-  Models 

h1flt«>J.TiWAL 

Methane 

HYMATt 
HEUAIhlH  AfA 

[JlVElJOniEKT 

itATt-it«Joas 

Uct(*A.pC 

wymmk 

Assumptions 

‘  No  new  money 
*  Inleraational  collaborations: 

'  Cost  and  tecluiology  shuiiug 
~  Data  base  developineiit 
-  Mtike  use  of  existing  naliomil  piogiEims 


New  experiments 

‘  'Remote'  pailicipants 

-  lODP  Cascadla  311:  Sept-Ocr  2005 

-  JM  tckjieE  Rjcdel : 

-  RDPtXS:  sutuniersible  diws 
’  Inknnilioiiai  sites 

-  New  Zealand.  Cliile.  Gulf  of  Mexico 
W«tciTi  Europe 
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Workshop  formal 

•  Four  hydiatc  research  themes 

•  Plciiaiy; 

Iii\iicd  talks  on  hydiaic  rcscaich 
ui  each  thcuic 

•  Breakouts: 

-  Disaissions  on  I  themes 

•  Integrate  plans  from  themes  and  summarize 


New  infrastructures 

•  Cabled  ocean  obsen  atories 
-  NEPTUNE 


C'ollaborativc  experiments  at 
Hydrate  nodes 


Sessions  4"'  IWMHRD 

•  Methane  Hydrate  Resource  Cliaracterization 
and  Distribution 

Cliair:  Waneu  WochI 

•  Methane  Hydrates  Kinetics.  Dissociation 
and  Biogeocheimsiiy 

Ctiair:  Jolui  RipiiiccslCT 

•  Liiviroumcnial  Couccnis:  Seabed  Stability 
and  Ecosystem  Health 

Clian  Rick  Colwell 

•  Methane  Hydrate  Future  IXwelopuienl 
Cliair;  .Art  Joluisoii 


B.  Invited  Presentations: 

1 .  Does  gas  escape  from  gas  hydrate  deposits?  Charles  Pauli,  MBARI. 

A  copy  of  the  presentation  was  not  available  for  this  report.  The  following  text  is  a  review  of  the 
presentation. 

The  focus  of  this  presentation  was  gas  flux  from  hydrates  and  related  seafloor  slumping 
and  thermal  decomposition.  Regions  for  focus  in  the  presentation  were  Storrega  Margin  and  the 
Candian  Arctic  Shelf  This  topic  was  addressed  with  geochemical  data  from  cores  to  assess  gas 
leakage  due  to  diffusion.  Methane  concentrations  in  core  porewater  is  not  a  good  indicator  of  the 
profiles,  alternately  sulfate  gradients  can  be  used  as  an  indirect  parameter  for  the  vertical 
methane  profiles.  This  approach  is  applied  with  the  assumption  that  the  surface  sediment 
vertical  methane  profile  occurs  through  anaerobic  methane  oxidation  with  sulfate  serving  as  the 
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terminal  electron  acceptor.  The  depth  of  the  sulfate  and  methane  gradient  is  proportional  to  the 
vertical  methane  diffusion. 

Interpretation  of  slumping  with  analysis  of  porewater  gradients  in  regions  such  as  the 
Storegga  Slide  is  observed  with  non  conservative  vertical  sulfate  profiles.  Similar  shifts  in  the 
hydrate  stability  zone  were  observed  in  the  analysis  of  piston  core  porewater  analysis,  with  non 
conservative  profiles  in  samples  from  the  Beaufort  Sea  on  the  Canadian  Arctic  Shelf 

These  data  suggest  that  there  are  gas  losses,  however,  fieldwork  has  not  confirmed  this 
estimate  that  has  been  interpreted  from  porewater  sulfate  profiles.  In  current  studies,  gas  venting 
is  associated  “pingos”  that  form  with  ice  formation  and  melting.  In  marine  systems  it  is  expected 
that  these  structures  form  because  of  fluid  pressure  from  decomposing  gas  hydrates. 

Methods:  Cores  and  seismic  profiles,  vibracores  on  PLFs,  and  some  ROV  work. 

2.  Characterization  and  distribution  of  gas  hydrates  at  the  Mallik  field,  Mackenzie 
Delta,  Canada.  Scott  Dallimore,  Canadian  Geological  Survey. 

A  copy  of  the  presentation  was  not  available  for  this  report.  The  following  text  is  a  review  of  the 
presentation. 

This  presentation  provided  an  overview  of  methane  hydrate  exploration  on  the  Mallik 
Wells,  in  the  Mackenzie  Delta,  Canada.  Information  included  an  overview  of  lessons  learned, 
discussion  on  the  comparison  of  terrestrial  and  marine  hydrate  bearing  regions,  and  an  overview 
of  topics  pertaining  to  hydrate  contribution  to  the  natural  gas  reserve  and  global  warming. 

Part  of  the  presentation  included  the  difference  in  hydrate  exploration  in  coastal  waters 
and  Arctic  tundra.  In  the  evaluation  of  hydrates  in  these  diverse  environments  standard  protocol 
include  stability  curves,  sediment  and  soil  gas  compositions  to  determine  if  a  suitable  reservoir 
exists.  In  these  systems,  the  hydrate  burial  depths  and  gas  sources  (thermogenic  vs.  biogenic)  are 
different.  The  difficulty  in  survey  marine  systems  results  in  few  quantified  estimates  of  hydrate 
distribution.  On  the  other  hand,  Arctic  gas  hydrates  have  been  found  in  50%  of  the  wells  that 
have  been  drilled. 

The  major  conclusion  from  this  presentation  was  that  experimental  exploration  of 
methane  hydrate  deposits  on  the  Mackenzie  Delta  was  successful.  Future  studies  need  to 
incorporate  economic  evaluation  with  an  integration  of  topics  such  as  the  methane  hydrate 
quantity,  distribution,  prospecting  strategies,  production  technology,  quantification  of 
environmental,  economic  and  policies  issues  for  determination  of  the  energy  resource  potential. 


10 


3.  Biogeochemical  Evaluation  of  Hydrate  Rich  Sediments.  Richard  Coffin,  Naval 
Research  Laboratory. 


Biogeochemical  Evaluation  of 
Hydrate  Rich  Sediments 


Ricliard  B.  Coffin 

Section  Head,  Marine  Biogeocheinistr^' 
NRL.  Washington,  DC 
202-767-0065 
rcoffin@ccsnrl.nav’v  mil 


Presented:  4*  International  Workshop  on  Methane  Hydrate  Research  and  Development. 
Victoria.  British  Columbia.  May  9-11.  2005 


Presentation  Objectives 


•  NRL  methane  hydiate  oveiwiew 

•  Biogeochemical  topics 

•  SMI  application 

•  Thennogenic  methane  source 


NRL  Hydrate  Research  Elements 

•  Geologic  stmctme  (faults,  composition,  density,  porosity, 
shear  strength  and  pemieability). 

•  Hydrate  distiibution 

•  Hydrate  content  and  stmcture 

•  Hydrate  fonnation  and  stability 

•  Biogeocheinical  role  in  stability 

•  Fluid  and  gas  flux  tluougli  the  seafloor 

•  Age  of  hydrate  and  sediments 

•  Nimierical  models  for  lattice  gas  sunulations  for 
microscale  transpoit 

•  Com  entional  hydiologic  models  for  macro  scale  transport 

•  Relation  of  dissociation  to  mass  wasting 


Methane  Hydrate  Associated 
Research  Topics  at  NRL 


•  Geoacoustic  anomalies 

•  Coastal  seafloor  stability 

•  Ocean  caibon  modeling 

•  Global  climate  change 

•  Energy  resomce 

•  CO2  sequestration 

•  Global  Economy 

•  In  situ  acquisition  for  monitoring  platfomis 

•  Predictive  models  of  sedunent  strength  and  geoacoustic 
re\  erberation  and  scattering  in  littoral  areas 


NRL  Hydrate  Survey  Sites 


c 

c  0  ‘ 

e  ® 

«  ®  r 

.  V 

c 

C  c 

c  , 

c 

c 

★  e® 

☆ 

0 

c  Gas  Hydrate  Finds 

c 

★  NRL  Field  Efforts  - 

c 

c 

USGS/OII  and  Gas  Journal 

Geophysical/Geochemical  Hydrate  Survey 
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Geochemical  Parameters 


Carbon  Isotope  Analysis 


•  Gases  (Methane,  Ethane,  Propane) 

•  Sulfate 

•  Cliloride 

•  Hydiogen  Sulfide 

•  Die  concentration 

•  Percent  Organic  Carbon 

•  Stable  Carbon  Isotope  Analysis  (CH^,  DIC,  POC) 

•  A^‘*C  Sediment  Organic  Carbon 


X‘*C  =  (C5aj„pig.h/i/C5,a„ja,,d.|^,i)  -  1  X  1000 


NRL  Graphite  Laboratory 


C’lyogenic 

Distillatiou 

Graphite 

Gas  Inline 


Vacuum 


Instrumentation 

•  GC  cryogenic  trap 

•  10  port  graphite  line 

•  6  port  ciy’ogenic  distillation  Ime 

•  methane  oxidation  system 

•  UV  oxidation  system 

•  sohd  organic  combustion  system 

•  GC/IRMS/ITMS 

A^-‘C  and  Parameters 

•  Dissolved  orgamc  and  morganic  carbon 

•  Particulate  organic  and  inorgaiuc  carbon 

•  Biomaricers 

•  Methane 

•  Ethane  to  Hexane 
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NRL  Accelerator  Mass 


Spectrometer 


State-of-the-art  AMS  facility 

•  40  cathode  MC-SNICS  ion  source 

•  Pretzel  recombinator  magnet 

•  High-speed  beam  chopper 

•  Spht-pole  spectrograph  with: 

- 12  MCP  detector  modules 

-  Low  noise  Faraday  cups 


/\i4c  Hydrate  Methane 


A'4C 


1^^  2-D  Carbon  Isotope  Analysis 

Biogeochemical  Topics 


O-  biogeoic  methane 
O-  theimogenic  methane 
tenestnal  caibon 
•  -  manne  phytoplankton 
C4  manh  plants 
®-  ocean  carbon 


CH^  +  SO -^HCOf  +  HS  +  H,0 
Anaerobic  Methane  Oxidation 

•  Methane  fate 
•SMI 

•  deep  hydrate  predichon 
CO,  +  4H,  ->  CH^  +  2H,0 

Methanogenesis 

•  Methane  produchon 

•  Energy  source 

•  Hydrate  composihon 
CH,(CH^n(CH^ 

Thermogemc  Methane  Produchon 

•  %  contribuhon  sediment  hydrates 

•  Ocean  carbon 

•  Vertical  migrahon 
CH4  +  2Hp  ->  CO  ,  +  4H, 

Aerobic  Methane  Oxidation 

•  Water  cohmin  carbon  cycling 

•  Coastal  carbon  modeling 


Methane  Sources 


Methane 

•no  -100  -90  -so  -70  -60 


Biogeochemical  Relevance 

•  Methane  fomiatioii  and  oxidation,  hydrate  gas  content 

•  SMI  to  predict  deep  hydrate  distribution 

•  Carbon  cycling  to  the  sediment  water  coliinm 
interface 

•  Carbon  (energy)  to  the  water  cohunn 
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Thermogenic  Methane 


Anaerobic  Methane  Oxidation 


Atwater  Valley  Seismic  Sur\^ey 


Sulfate  -  Methane  Interface  -  SMI 
Anaerobic  Methane  Oxidation  -  AMO 


3.5  kHz  seismic  transect 


Seismic  Line  AV65  courtesy  ofUSGS 


linear 
Methane  ImM) 


concave  dowTi 
Methane  (mMl 


HCO^-  +  HS-  +  H2O 


Vertical  Fluid  Advection 


Atwater  Valley  CH4 


SO;*mM 

0  S  10  IS  20  2S  30 


CH.mM 

0  2  4  «  8  10  13  U 


Mound  F 
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Pore  Water  Chloride  vs.  Methane 


Base  Mound  F 


1100 


1000  ■ 

*  no  mound 

900  ■ 

•  edge  core  6 

▼  mound 

800  ■ 

s?  edge  core  9 

700  ■ 

V 

600  ■ 

• 

500  - 

400  -I - . - . - . - . - . - . 

0.0001  0.001  0.01  0.1  1  10  100 

CH4  niM 


Analysis  of  DIC  Profiles 


Methanogenesis 


Atwater  Valley  Chloride  Profiles 

Chloride  mM 


400  500  600  700  800  900  1000  1100 


Phospholipids 


•30-  4 


-30  -25  -20  -15  -10  S 

caibon  .source  8i3C 
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AOM  Microbial  Consortium 

CHj  +  SOj-  ^  HCO,  +  HS 


Methanogeiiic  Arcliaea 
CH4  +  2H,0  ^  CO2  +  4H2 

Isoprenoidal  glycerolethers 


Thermogenic  Methane  Production 


Barkley  Canyon  Fatty  Acids 


Barkley  Canyon,  Cascadia  Margin 


Hydiate  Ridge 
Fatty  Acids 
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Gas  Speciation 


Aerobic  Methane  Oxidation 


51^C  &  6D  Methane 


Energy  Comparison  of  Carbon  Cycling 


PEqk  BPROD  R£ 

kJ  (X  10*)  nM  C  d'‘  U  (x  10*) 

65.8  (103-3, 28.3)  268 

5.0  15.0(7.50,22.5)  61.1 

0.8  1.67(1.67,1.67)  6.8 

6.4  4.17  (5.83, 2.50)  17 

77.6  9.17  (10.8, 6.17)  37 J 


PE  RE 


0.024 

0.082 

0.074 

n-d. 

0J7 

2.08 
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4.  Societal  and  structural  trends  affecting  gas  hydrate  research  in  Canada.  Kirk 
Osadetz,  Geological  Survey  of  Canada. 

Abstract 

Canada  depends  critically  on  petroleum  as  its  primary  energy  source,  the  driving  force  for 
investment  growth  and  the  source  of  its  record  (2004)  trade  surplus.  Switching  to  natural  gas  is 
part  of  Canada’s  Kyoto  strategy.  It  has  immense  gas  hydrate  resources  and  it  has  also  provided 
and  hosted  leading  gas  hydrate  research  and  researchers.  One  might  conclude  that  Canada  should 
remain  a  research  leader,  but  the  future  is  challenging  because  of  a  “market-driven”  energy 
policy  and  a  restructuring  of  public  research  funding.  Market  demand  and  price  drive  supply,  and 
corporate  demand  drives  energy  research.  Restructuring  will  make  the  universities  and  industry 
the  primary  science-providers,  while  transforming  government  institutions,  historical 
contributors  to  gas  hydrate  research,  into  facilitators.  A  public  interventionist  S&T  roadmap  like 
that  which  realized  the  potential  of  Canadian  bitumen  is  unlikely.  Changes  are  being  made 
slowly,  making  for  a  contemporary  “business  as  usual”  environment,  but  with  change  appearing 
inevitable.  Industry  recognizes  the  new  environment  without  embracing  gas  hydrates  as  an 
economically  competitive  potential  supply.  Lack  of  transportation,  uncertainties  in  well 
performance  and  the  minimization  of  geotechnical  risks  have  pushed  gas  hydrates  deep  into  the 
corporate  agenda.  Long-term  success  requires  that  gas  hydrate  research  is  championed  by 
industrial  demand  and  that  reservations  regarding  economic  competitiveness  are  successful 
addressed. 
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Pathways 


Societal  and  Structural  Trends  Affecting 
Gas  Hydrate  Research  In  Canada 


-  Th*  TfrchnoCosy  Push  or  “Innovation  Pyramid"  (basic  science 

-*  design  and  eneineering  irianufactLiring  niBri;eting  salesj. 

-  Ttte  CLwnent  E«ieral  model  of  Canadian  R&D. 

-  Climate  chanje  GH  R&D  Is  the  type  model. 

-  The  Market  J\il  I  Model  (markeE  need  tfevelopmehE 
manufacturing  sal«5. 

For  Commodity  Demand,  are  suppUes  short  or  1s  It  access? 

-  For  Industrial  Demand,  are  there  unforeseeri  events? 

-  flow  assuranee  GH  R&D  is  the  type  model. 

-  The  Curiosity  Driven  Model  Ithe  method  of  the  Dead  Eurc^an 
Guys>. 

-  The  “Dogbeft"  rrMsdat  of  "Success  by  Ptlferinf  Office  Supplies"  . 
"TTie  pubiic  sakv  Eecrtrwicsy  ond  thoujhf  it  kvas  Sefence" 


Edmund  Buriie 
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Global  Energy  Impressions 

FT.CDfn  highlighted  the  risks  to  energy  security  oudinerf  in  the  World 
Ene^y  OuTIdok  2004  and  quoted  (he  lEA  as  saying  that  “Maior  oil  and 
gas  importars,  induding  most  OECD  countries,  China  and  Ir^iawill 
Become  ever  more  dependent  On  imponts  from  distant,  often  politically 
unstable  parts  of  (he  world". 


BBC  News  Online  remerked  on  the  energy  security  issuer  and 
'stabilcty  fears'  outlined  in  the  lEA  report,  and  quoted  Mr.  Mandh  as 
saying  that  "oil  markets  are  likely  to  become  less  flexible  and  prices 
more  volatile". 


Oil  &  Oas  Journal  described  Ihe  main  trends  for  demand,  imports,  oil 
prices,  mvestmenland  C02  emissions.  It  quoted  Mr.  Mandil  saying  that 
al^ough  he  was  "optimistic'  that  energy  resources  are  adequate  to 
meet  the  nearly  60%  increase  in  demand  expected  bef^een  now  and 
2030',  there  are  also  “symploms  of  a  considerable  malaise  in  the  world 
of  energy". 


F<»1h  liHErniilional  Worfciitnp  on 
Methane  Hyrir^le  Research  and  Devplopment 


tA  Wnfeid*.  PriiSi  Carnrnonla.  on  Cji  W^ld  fciwlgy  Oulkn*  20M  ad 


McUhh:  Hydfiric  Ruiuarcii  iUHl  Don.-ta|mH.ii< 


The  Situation 


*-  Several  Plans  and  Scenarios  for  the  Fulure  of  both  International 
and  Canadian  Gas  Hydrate  R&D  exist,  and  are  being  acted  upon, 
on  several  levels  (Nalional/Corporate/Program/Project/Individual). 

^  Based  on  these  plans,  there  are  a  number  of  Intramural  and 
Extramural  collaborations  and  Co-oparativa  Activities  that  have 

Erovidod  or  could  provide  important  R&D  progress  end 
reaklh  rough's, 

-  There  is  b  well  informed  oonsertsus  that  the  Fulure  looks  much  like 
past  (a  uniformitarian  apprctach). 

-  There  is  a  chance  that  the  Future  may  look  nothing  like  the  past  (a 
catastrophic  approadi). 


}'  DUlh  InternatkMdl  Wdrkihogt  on 

HyUrata:  Ruxbirdl  ami  EhivdupnKiil 


APEC  Energy  Security  Strategy 

i  APEC  Energy  Ministers  {in  Manils)  agreed  that  atc^  to  adcquale,  reltaWe  and 
ftffarid^l^  ^n^jigy  is  fund  amenta  I  to  achdaving  th^  region's  epgrKl^lC,  social  and 
ejivironrnerif.al  ^etbves.... 

■  The  Imoiortance  of  these  efforts  Is  further  highlighted  by  the  recent  rise  ki 
global  dH  prices  and  Its  potential  Impact  on  economic  growth  and  sustaihable 
d^velppment  writliFii  th^  .APEC  reglot>, 

■  To  meat  this  chaEengei 

Tliey  siiuiKurt  iIk  crvaliun  uf  a  Laiii|H.1jllvu  a  nil  Ira ii^pmi rent  iiiarki.'^plai.L' 
far-qiiiv  tritdt: _ 

neLvqiiiaSnq  that  vunu;  Meiiilier  Ecurvviiik^  cuiisliler  iiiidear  irawvr  as  an 
aptlan  for  rneir  energy  nUH 

-  They  uippnrt  research  on  tlie  petential  ol  nKthane  hydrates a  future 
energy  uiirre  aitd  dlrerf  tlie  I  Wt;  ta  raniinutiJrate  revarrlt  develapinent^ 
witirin  dieir  econoFtiles. 

i  for  f^S  htyckat^  Fuel  r  h  tn^  explicity  erulors^  by  the  APEC 

^CHiaitik  lexers  novieiTibt^  ^004  part  of  the  ineigy  Security  liiltl^trve  - 
energy  security,  sustainable  development  and  common  prosperity  {CAIRNS] 
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Parfonnsrs  Fimdars 


S&T  Funding  Trends 


A  Recent  Canadian  Energy  Snapshot 

■  Canada  produced  45%  more  energy  lhan  it  ccmsumed  in  20D2. 


Canada  has  been  a  net  producer  for  37  years  and  it  is  a  signiticant 
exporter  of  energy,  primarily  to  the  United  States. 

[n  2D01  alone,  Canada  exporled  energy  products  worth  SE5.1  billion, 
which  represented  14%  of  all  experts.  Exports  =  Iwo-thirds  of  Canada's 
annual  oil  and  over  one-tialf  of  natural  gas  produclion. 


On  a  per  capita  basis,  each  Canadian  consumed  -^353  gigajoules  of 
energy  in  2002,  compared  with  ^222  in  1-967.  (30-litres  or  gasoline 
contain  ^gigajoule). 


■  Human  and  lha  En  vfronm^nl  20G4  edition 


Federal  Expenditures  on  S&T  as  a  %  of  F^eral 
Budget  Estimates  (1994-2003*) 


Uniquely  Canadian 
Considerations 

•  A  Net  Energy  Exporter. 

•  A  "Free”  Integrated  North  American  Energy  Marlcet. 

-  Natural  Gas  Hydrate  Resources  are  co  located  with 

Stranded  Conventional  Petroleum  Resources. 

•  Gas  Hydrates  Compete  in  a  Resource-rich 
Environment. 

•  A  Kyoto  Signatory. 

*  Fuel  and  Climate  RiD  are  commonly 
administered  separately. 

-  A  Changing  Social  Structure  for  Science. 


•  The  Migration  of  Science  Performance  out  of 
Government. 


f  dulll  Intcfnatiofuil  Wdrieshap  cxi 
MQtlune  I  lydnite  Hlraearati  And  IJewdofuiieiii 


R&D  Funding  Trends 


Canada's  National  System  of  Innovation 


Fo«m  inifrmatooal  WofXsnop  on 
Meinaf'e  Hydrate  Research  and  Developrien! 


Priorities  in  Knowledge  Performance 


•  Address  key  challenges  for  the  university  research 
environment. 

-  A  Governmenl  Eocus  on  Educ^danal  Inshtutions  as  the  providers 
flf  basic  science. 

•  Renew  S&T  capacity  to  respond  to  emerging  public 
policy,  stewardship  and  economic  challenges  and 
opportunities. 

•  Transformfltlon  of  Government  RfitD  from  Science  Perfwmonce 
to  Science  Fadlitatjon  in  Academia  and  Industry. 

■  Encourage  innovation  and  the  commercialization  of 
knowledge  in  the  private  sector. 


*  Reverse  the  trend  of  declining  Canadian  Industrial  R6iD. 

htrt*  NFiC^  OhW 
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The  Implications  of  Science  Models 
for  GH  R&D 


-  The  Technoloiy’  Push  Model  Or  "  Innovation  Pyramid"  Itasic  sdefice  - 
>  dnisn  and  engineenn^  manufaoturlnf  ->  marheEing  sales). 

-  Several  oppartunltln  are  present,  In  climate  faresiflit:  GhG 
se{)u«tratiofi  and  ef>ergy  supf^y. 

*  The  Market  Pull  Model  (market  need  ■*  development  "»■ 
inanLiracturlng  sales}. 

-  Commodities:  not  eKpected:  In  a  resource  "rich"  setting. 

-  Industrial  Dernand:  opportuniEies  related  to  bath  erterey 
eKEractian  iiieohazardi  |  and  enviranment  (enhanced  recovery). 

-  Thane  is  a  relattonihlp  betvveen  MP  and  TP.  as  indicated  by 
Climate  change. 

-  The  Corl«lty  Driven  Model  . 

-  A  difficult  proposition. 


Natural  Gas  is  A  “Cleaner"  Fossil-Fuel 
Energy  Source 


Market  Pull  -  Climate  Change 


Market  Pull  -Hazards 


Canada  will  ^peiicl  SID  billion  over  vevon  yuarv  to  bolp  Canada  iiit 
its  average  greenhouse  gas  emissinn^  nv  770  inegatonnes  a  year 
in  the  five  years  J0O8  to 

It  is  committing  tp: 

■  Draw  30  per  cent  of  i^  eiectncitv  frem  renewable  ■atircei  by  ^OlO. 

■  Replace  its  vehicles  more  guickly  and  with  fuel- efficient  alternatives 
including  hybridS- 

■  Create  three  fundi  to: 

■'  any  oneenhouH  Qai  emiuiiiti  credits  from  filter  cauntiieE. 

-  Invest  hi  new  techneloqles  ta  help  industrlsl  Isroe  emitters  rtieet  OHG 
lanji'ts. 

-  Pevelap  renBw.ible  ennigy  (ti.e  the  5WS  bgrtget). 

-  IntjAinnaiiE  aViwv.a3E]n  and  ftAiienCy  mojuunn 


per  cent  of  the  targets  will  bt  achieved  through  the  actions,  of  individual 
Canadians^  even  though  individuals  are  responsible  for  only  pec  cecit  of 
Canada's  emissions. 


http:''.'Vvww  crimbtQchpcigo.gc  c^i'onglish/c^plQn.psp 


Fmrth  iMCniiibDnal  Wnlishdp  on 
MoUh^c  Mydralc  fleseardv  and  Di-vetopmcnl 


•  As  conventional  petroleum  SKplorati  on ,  pa  rticu  la  rly  for 
crude  oil,  moves  into  more  challenging  terrestrial 
[Arctic)  and  marine  (Deep  Water)  settings  the  hazards 
posed  by  gas  hydrates  to  Exploration  and  Production 
increases. 

•  Potential  Hazards  Include: 

1.  Opi&n-hQle  instability  caused  by  dissociaban  and  associatad 

free  gas. 

2.  Wall  head  and  casing  integrity. 

3.  Hydrate  formation  subsea  equipment. 

4.  Seafloor  Instability. 

5.  How  Assurance. 

•  Most  of  53  GH  papers  presented  at  tfte  2005  OTC  addressed  GH 

Hazards. 


Pourlh  IntL'motnhal  Workshop  on 
hhdlune  HydriTU;  Krauadi  and  DuvL-bprrwfd 


Market  Pull  -  Climate  Change 


Technology  Push  -  Climate  Change 

-  The  entire  climate  change  Issue  Is  a  technology  push/fdreslght 
Issue. 


Market  Pull  is  expected  to: 

•  Increased  demand  for  natural  gas. 

■  Increased  opportunities  for  GHG  emission 
reduction  and  sequestration,  especially  from 
large  point  source  emitters,  such  as  natural  gas 
and  tar  sands/heavy  oil  plants. 

GH  R8iD  opportunities  can  be  expected  with 
respect  to: 

■  Carbon  dioxide  separation  and  sequestration. 


hmrth  liAcfnabonol  WHfcshup  oti 
Utefliane  I  lyUrak  Kis^irei  and  Lhnula|jni«iL 


■  Th^  rnip  af  go^  liydrAtP*^  In  f  [biuitp  rliannp,  |ia^r,  prpviit  and  luUin^ 
remains  ao  nnp^rTant  general  lD|ik  to  addres.E.. 

-  Ther«  Is  an  lnt«ractlon  between  market  pull  artd  technology  push. 


Mallvared  by  Pnhili:  Pniky  aitd  Inteniatkiital  Treaties  weral  hidintdev 
will  cciT'sidering  GHG  ugregdlion  and  sequestratloit,  pos'&lhly  In  hydrate^ 
av  Mt  ufnwrtunlty  roc  belli  KierKe  anil  le^hiKilofiy  HKD. 

Af  tivltle^  tfiat  iimdiice  high  Einrltv  Cariwai  CMovlile  far  enhanf  rd  nil 
muverif  or  todl  liiil  mellianc-  rctovi-ry  are  cx|H.VLlcd  lu  be  eiununii(.ally 
fdwvuraulir. 


Lonq  dl^ancc  tra  ivE^wToGon  of  carbon  dioxide  K  feasible  (c.g.  T]>c 
Alamo  QregcM>  to  Wevt  1  exav  t  arlwii  dioxide  |iFEK:line}. 


HelaTed  GH  R&D  will  have  to  nieer  ecminink  teslv  but  these  inlght  lie 
"facllilatecl*  by  regnlolion  and  poDcy. 
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Technology  Push  -  Energy  Supply 


Total  remaining  resources 
categorized  by  three  criteria: 


•  Destruction  Demand. 

<  Industrial  demand  reduced  in  response  to  high  current  prices  (N.W 
U.S.A.  Aluminum  industry. 

•  Competition  From  Other  Sources  of  Supply. 

'  GH's  conipete  with  both  co-located  conventional  resources  and  more 
favorably  located  non-con ventional  resources  for  mcremental  supply 

•  Gas  Composition  Disadvantages. 

•  The  ‘drying'  affects  of  hydrate  formation  and  to'^er  reservoir 
pressures  nave  a  cost. 

•  Cost  and  Lack  of  infrastructure. 

•  Most  GH't  ars  located  in  difficult  environments  where  the  costs  of 
production  and  infrastructure  are  high, 

•  North  American  Security  of  Supply 

•  Many  analysts  belts  vs  tiiat  natural  gas  pnoes  wiil  fall  to  $4.50yMMBtu, 
which,  like  high  storage  values,  makes  resource  scarcity  unlikely. 


i'  owin  IntemBlmH]  Wortcnhop  on 


9  Ecenomlc  and  commercial 
viability  (R) 

9  Eiclil  projeci  status  and 
fcaslblUfy  (F) 

9  Geological  knowledge  (G) 
UDitfd  Matfens  Framework  ClaxsEDi 


litip  r//H'ww.unccc.o  rg/ic/sc/pdfs/U  N  FC'/U  N  KC  cinr.pd  r 


Iniemac'pnal  Workshop  cri 
MethanB  Hydrate  ReBEsandt  Bnd  Devsloposn: 


Cretaceeus-^Tsrtlary  Qnsaler  Green  River  Basin 
(frofn  Shanley  at  at.,  2004) 


*NDn-CDnveniEor>al  resources  and  reservoir  can,  or  must,  be  debned  by 
reservoir  pertormarice  characteristics  that  must  be  inferred  or 
represented  by  pretty  accumulation  date. 


UNFC  Codification 


^  Categories  are 

rererenced  in  one  fixed 
sequence:  EFG 

^  Category  names  may 
then  be  replaced  by 
language  independent 
arabir  numbers 


Technology  Push  -  Energy  Supply 

‘  U  S  A  Coalbed  Methane  production  provides  a 
suitable  model  for  industrialization  and 
commercialization. 

-  To  involve  industry  in  the  development  of  GH 
energy  supply  requires  the  provision  of  data  and 
modefs  that  will  permit  the  economic  evaluation  of 
opportunity  against  alternative  sources  of  supply 

•  This  isn’t  news,  but  points  toward  a  need  for 
classification  of  occurrences  and  accumulations 


Modes  of  Gas  Hydrate  Occurrence 

*  TerrestriBl  {Matllk-]lke)  Accumulatloris 

-  Common  In  p«rmafrost  regions  end  shallow  erebe  seas. 
Possible  thick  rich  and  co-IccBted  with  conventionBl 
resources. 

'  Sub'sea  Marine  (Cascadia-llke)  Accumulations 

-  Detected  using  Bonom-Slmulatlng-Renectlons  (BSRs). 
Typical  of  continental  shelves  and  slopes.  Differences 
between  well  and  seismic  geophysical  datasets  remain 
unresolved. 


Seafloor  Marine  (^OM  Mounds -llkel  Accumulations 
-  Discrete  rich  accumulations  at  the  seafloor.  Hard  to  detect, 
sites  of  biological  activity. 


Fouttl  iMcmabDnal  WorkstHp  nrr 
MethariE  Hfdrsba  Roseaich  and  OevekipfTtent 
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Conclusions 


Modes  of  Gas  Hydrate  Occurrence 

'  Terrestrial  (MalllN-llke}  Accumulations 

-  Llkety  infraslructure  as&lsL  Trom  convenlJcnal  resources. 
TMck,  rich  accumulations  that  can  E>e  associated  with  free 
gas  or  confined  water,  which  could  facilitate  reservoir 
energetics. 

'  Sub -sea  Marine  {Cascadla-like}  Accumulations 

-  Widespread,  but  lean  accumulations  natcherocleristically 
associated  with  either  good  reservoir  or  a  good  reservoir 
energy  situation. 

'  Seafloor  Marine  {GO  M  Mounds-llke)  Accum  ulatlons 

-  Rich  accumulations  mat  are  the  least  poorly  charaaehzed. 


I  QurUi  IrTtMiunioiul  Wortrahofii  on 
hMhuuic  Itrdiiae  lieuiMrEli  )b>1  UevulopnHil 


ClimHtv  Changei  Sgionte  an<l  Oeohaiards  provide  a  'Marine!  Pull”  demarKf  Idr 
QH  R&D,  with  the  lir^l  being  dnvetl  by  public  RAD  pnUiEiAS  and  the  lieciEHld 
baihg  dirven  biy  deep  waler  dTude  Oil  tSP. 

Fuel  Supply  provides  sn  opportunity  Tor ‘Technology  Push’  GH  HAD, 
corr^ltiiii^d  by  the  ^truH^Me  dt  ths  tJodh  Ameiicen  neturdi  nterlcet,  iwhene 
SH  are  just  anollwf  non-corivaTilBnal  rosourca. , 

In  Canede.  at  least,  th«re  era  SoCiflEal  end  strudLitral  reesohS  Id  transier  OH 
FuhI  Supply  RSl'3  to  Industry  Tram  tlio  PuMir:^  Seetdf 

the  transTor  ol  GH  Fuel  Supply  RSU  to  Industry  rocuires  an  improvod 
clBSsificaEion  anrd  dosciption  of  accumutaiions  that  will  tedliiato  iha  industrial 
dociston  making  process  arwJ  focus  indusiriBl  RSD  and  taP  on  tfio  mosi 
attmctlvR  £lA!iruiri  of  o|^r1ijriiEie<i 


•  NqnO  qf  thi^  i$  news,  bul  wo  lirivq  to  qon^tder  rf  ItidiO  i$  h  nsPd  Or  urs  wnyi?  to 
improve  our  rosponsivenoss  lo  meso  things  driving  GH  RAD 


1  eurlfi  [iDAnuyionHl  WfufeAhop  on 
Mi^hih;  hfydrutu  Kuiuiiirdi  uikI  Lk-rckiiHiierit 


Possible  GH  Accumulation 
Roadmap  Criteria 


•'"Value  Cliain.^" 

‘(prospect,  discover,  produce) 
•Resen'oir  Perfomiance, 
•Rcscr\^oir  Yield. 


Yield 


Reservoir  Perroniiriiice 


•There  is  a  need  for  reconciliation  against  an 
acceplable  method  of  resource  classification. 


Fourth  IntefTHbonad  Wortehopo 
Medtone  ITyrtrnte  FtHEanch  And  Revel 


5.  Gas  hydrates  and  free  gas  in  submarine  slope  failures:  the  Storegga  Slide  case 
study.  Stefan  Buenz,  University  of  Tromso. 
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Importance  of  gas  hydrates 


References 


■  Possible  future  energy 

■  Submarine  landslides 

■  Global  climate 


■  Marine  Geology.  COSTA  «  Continental  Slope 
Stability,  Volume  213.  Issues  1-4,  Pages  1-504 

■  Marine  and  Petroleum  Geology.  Ormen  Lange,  An 
integrated  study  for  the  safe  development  of  a 
deep-water  gas  field  within  the  Storegga  Slide 
Comple?^,  NE  Atlantic  continental  margin.  Volume 
22,  No.  1-2,  Feb.  2005 


^Gas  hydrate  and  free  gas  as  geohazard 

■  Seafloor  failure 

■  Drilling  (overpressures,  gas  blow-out) 

■  Seafloor  pipelines 


|oytline 

■ 

■  The  Storegga  Slide 

■  Possible  involvement  of  gas  hydrate  on  the 
development  of  the  slide 

■  I  mpact  of  gas  on  slope  fa  i  lu  re 

■  Summary 


|Key  to  understanding  submarine  slope  failure 

■  Increase  of  pore  pressure  within  sediments 
decreases  effective  soil  strength. 

■  Possible  processes: 

o  high  sadim«ntation  rates  during  peak  glaciations 

o  gas  hydrate  dissociation 

o  Gas  charging  of  shallow 
sediments 

o  Diapirism 

o  Earthquakes 


^Mid-Norwegian  margin 


Geoloaical  Background 


ContirenlBl  bmak-up  at  the 
Paleocene/Eocene  boundary 


Subsidence  and  hemi-pelagic 
deffositiDn  until  Pliocene 


Nortli-eouth  directed  dome 
structures  (Vignas  at  al. , 
isee): 

o  l'o4e«lJ3l  r^arocBitMn  reservEws 

PJiocenB  -  Holocene  glacigenic 
deposition  {Neust  Formation 
sediments) 
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Outline 


■  Geological  background  of  the  mid-Norwegian  margin 

■ 

■  Possible  involvement  of  gas  hydrate  on  the 
development  of  the  slide 

■  Impact  of  gas  on  slope  failure 

■  Summary 


Storegga  Slide 


■  during  oiib 

nujcif  avent*  at  RTCfl 

BP. 

■  Slids  look  B  daap  df  ch. 
7{]€fii  inlo  itia  margin 

■  I  Dtal  silver  VQ'luimd  tcm^. 

■  Area  ol  impact  -EMJUOO  kmP. 

■  HeodwAlii  approx  up  la  i^DD  m 
high  and  31)0  km  tong 

■  i?idowalls  approx,  up  la  1  DO  m 
high. 


Hsflidason  d  al...  2004 


I  |outline 

■  Geological  background  of  the  mid -Norwegian  margin 

■  The  Storegga  Slide 

■  I  mpact  of  gas  on  slope  failure 

■  Summary 

AAlt  eivn  ct  al..  2DD3 
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IStoregga  gas  hydrate  system 


Understanding  the  distribution  of  the  BSR  and  gas 
hydrates. 

Understanding  the  role  of  gas  hydrates  in  slope 
stability. 


IStoregga  gas  hydrate  system 


BSR  distribution: 

■  Gas  hydrate  stability 
conditioris  (P,  T,  host 
sediments)  constrain  most 
continuous  BSR  /  gas  hydrate 
occurrence  to  a  small  zone 
along  the  northern  sidewall  of 
the  Storegga  Slide. 


Bunzetd.2003 


IStoregga  gas  hydrate  system 


IStoregga  gas  hydrate  system 


Distriibution  of  the  BSR: 


A^al  sKtent:  400Q 

Continuous  along  northern 
flank  of  Slaregga  SEide 

Patchier  within  slide  area 

Lower  tBnninB.tion  at  ths  base 
of  Naust  fonnaliDn 

IVorUiem  boundary  correlates 
with  glacigenic  sediments 

Danse  ODCumanoe  of  fluid- 
escapa  features  on  the  upper 
slope,  and  sparse  elsawbera 


Wide^p-read  occurrence 
of  glaciogenic  debris 
ttow  deposits  probaMy 
prevent  gas  hydrate 
build-up  in  many  areas 
along  tna  margin. 
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I  Risk  of  gas-hydrate  induced  slope  failure 


I  Gas-hydrate  stability  zone  modelling 


Wi<lespneacl  oocurrerce  of 
glacksgenic  debris  flow 
deposits  drastically 
decreases  area  where  gas 
hydrates  oo old  have 
contributed  to  slope  failyre. 


|storegga  gas  hydrate  system 

■  ModGlIing  of  gas  hydrate  stability  through  ono 
glacial  cycle. 


^Outline 

■  Geol  og  i  cal  backg  rou  n  d  of  th  e  mid-Norweg  ia  n  margi  n 

■  The  Storegga  Slide 

■  Possible  involvement  of  gas  hydrate  on  the 
development  of  the  slide 

■ 

■  Summary 
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^Objectives 


■  Investigate  the  architecture  of  slope  failures  in  the 

proximity  of  the  Ormen  Lange  gas  reservoir. 

■  Analyse  relationship  between  slope  failures  and  gas 
that  is  leaking  from  the  reservoir. 
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^Impact  of  gas  on  slope  failure 

■  Structural  Enterpretatbn  of  the  subsurface 

■  Evidence  for  shallow  gas  and  fluid  flow 

■  Impact  of  fl  uid  s  on  slope  fai  lure 

■  Conclusion 


^Impact  of  gas  on  slope  failure 

■  Structural  interpretation  of  the  subsurface 

■  Evidence  for  shallow  gas  and  fluid  flow 

■  Impact  of  fluids  on  slope  failure 

■  Conclusion 
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|conclusion 

■  Evidence  for  fluid  leakage  out  of  e  large  gas 
reservoir  in  the  Ormen  Lange  dome  into 
sedimentary  strata  at  shallow  depth 

■  Gas  probably  contributed  to  slope  instability  and 
affects  the  failure  mechanism 

■  Areas  that  lack  evidence  for  gas  remained  stable. 
This  stability  is  inherited  to  overlying  sediments. 

■  The  location  of  the  lower  Storegga  headwall  (III) 
can  be  explained  by  the  distribution  of  gas. 


^Impact  of  gas  on  slope  failyre 

■  Structural  interpretation  of  the  subsurface 

■  Evidence  for  shallow  gas  and  fluid  flow 

■  I  m  pact  of  fl  u  ids  on  si  ope  fail  u re 

■  Ci:-  --‘fusk 


6.  Hydrate  kinetics.  Bendy  Sloan,  Colorado  School  of  Mines. 


Hydrate  Kinetics 


Dendy  Sloan.  Carolyn  Koh,  Kelly  Miller 

4*^  Internationai  Workshop  on  Methane 

Hydrate  R&D 


Victoria,  BC,  Canada 

May  9,  2005 


r  Hr  ijh 


ft  Qlltyr  : 
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Determination  of  Film  Growth  Rates 


Objective: 

Hydrate  kinetics  state-of-the-art,  in  two  areas: 

1 .  Intrinsic  kinetics,  heat  &  mass  transfer 

2.  Nucleation,  growth,  agglomeration 

With  applications  to  two  hydrate  areas: 

1 .  Inside  Pipelines  (Flow  Assurance) 

2.  Outside  Pipelines  (Storage,  Energy.  Climate) 


3  Principal  Hydrate  Structures 


Water  in  oil  emulsion 


•  <  1  guest !  cavity 

-  Ideal  solid  soJution 

•  All  3  Structures  have: 

-85  mo!e%  H^O 
•15  mote%  guests 


pMWiOflwBotoviitlhiQn 


entrainment 


hydrate  sheH 
grovrth 


agglDmerabon 


plus 


Methane  Crystallization  Experiments 
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Methane  Crystallization 


Thickness  of  Hydrate  Films 


initial 

Thickness 

Notes  on 

Measurement 

Reference 

5  Jim 

CH^  measured  by 
micrometer 

Makogon  etal.  1998 

0.43  |im 

UUj  vrdeo 
camera 

Tabeet  al.  1999 

0.3  Min 

CO2  calculated 

Mori  et  al.  1999 

4.0  ^im 

CH4  video  camera 

Taylor et  al.  2005 

Hydrate  measurement  tools 


Hydrate  Shell  Growth  on  Water  Droplet 


Fraci™,  converts  =  ^o/ume  Hydrate  Ste/J 

Volume  imtmi  Dropht 


'■  ^  -'j,  Owwitfiw  RatffiMeh  w  Sp&im^  ScTit^  m 


Hydrate  Thermodynamic  Model 


V(T,P)  V(T,P)  V(T,P.x) 
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Heat  and  Mass  Transfer  &  Kinetics 


Caniiit  tM  Riiiaaith  m  Hri>flrjiriL-j  a  Oltwtf  SafaU,  Cplaf  am  Sttoat  al  lAtea 


The  end  of  hydrate  phase  equilibria? 

Hydrate  kinetics  can  be  controlled  by: 

■  For  most  engineering  needs 

■  Mass  transfer  Limitations 

-  We  can  predict  almost  to  expti  accuracy 

•  Example:  MBARI  dissociation  sub-ocean 

■  If  Prediction  ^  Expt).  then  re -measure 

■  Are  hydrate  kinetics  doable? 

■  Heat  transfer  limitation 

-  Example:  MDS  formation  with  pressures 

■  Intrinsic  kinetic  limitations 

-  Thermo  (stationary),  but  kinetics  (moving) 

-  Example;  Agitated  stoichiometric  THE  hydrate 

■  Kinetics  are  Order  of  magnitude  tess  accurate 

■  Which  limitation  applies  and  when? 

Gunhar  hr  on  a  OGicrjicto  Sehtu^  flf  Mimm  ‘ 

Kinetics  Fundamentals 

Mass  Transfer  Limitation; 

MBARI  Dissociation  Subsea 

■  Professor  Bishnoi  began  hydrate  engineering  kinetics 

1.  Rehder,  etaL,  Geochim^Cosmochim.  6fl,  2^5. 2004 

•  In  mid-1980’s 

■  2  cylinders  each  of  CH4  &  CO2  hydrate 

■  Hydrate  kinetics  can  be  arbitrarily  divided  into; 

‘  Placed  at  4km  ocean  depth 

•  Heat  &  Mass  Transfer  or  Intrinsic  Kinetics; 

-  Constant  T(4^C)  &  P  (400  atm) 

■  Any  of  3  (or  combination)  can  Control 

■  Hydrate  Stable  T&P  conditions 

•  Nucleation.  Growth.  Agglomeration 

‘  Camera  monitored  dissolution  rates 

■  What  role  does  each  phenomenon  have? 

■  Both  cylinders  dissolved 

■  What  measurement  techniques/models  should  be  used  to 

'  CO2  in  hours,  CH4  in  days 

best  quantify  each  phenomenon? 

‘  Rate  was  proportionai  to  H2O  solubility 

■  Mass  transfer  controlled  dissolution 

-  *  \  Ownur  hr  RnwiMCh  on  Hyrtrulet  t  Olhur  SolKta,  CDhriMlo  Sctrod  U  :<:unB)i  . 

rij'- 

Cbniullcir  exarch  oik  A.  OVpcf&«lKlft,CohiLida 
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MBARI  Hydrate  Hotel: 

Top  2  Samples  CH4;  Bottom  2  CO2 


C2H@  Crystal  Growth  Stages  with  Heat 

Transfer  Limitation 


Plio<of  rapb  CouiTPiy  of  Nf  arme 
DfrMlmaLjfJii  SyiWilHi,  L.L-C.  aTO.'04 


iSt^iftrSoiidti,  CotiarLKki^  Sclvaoi  of  fJMkta 


MBARI  Hydrate  Hotel; 

Top  2  Samples  CH4;  Bottom  2  CO^ 


Intrinsic  growth  kinetics 

THF  single  crystal  grown 

•  Stoichiometric  concentration  of  liquid 

■  Efiminated  mass  transfer  resistance 

•  Increased  shear  at  crystal  surface 

•  To  minimize  heat  transfer 

■  Never  completely  eliminated 


El 


Heat  transfer  controlled  hydrate  growth: 

111  Face  of  sll  in  Nature 

■  Note:  All  in  situ  and  core  dissociation  appears 

to  be  heat  transfer  controlled 

■  MDS  C2H5  growth  in  seawater  at  4°C 

As  f  1  ii^ 

•  Spherical  crystals  at  148  psig 

•  Became  dendritic  crystals  at  155  psig 

nA  I  lil  /  1  ’  J 

■  Dendrites:  Nature's  max  of  AreaA/olume 

^  ►JM  ^  ^ 

-  To  efficiently  dispel  heat  generation 

'  •  With  increase  in  formation  driving  force 
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Single  Crystal  Growth  Theory 


K 


Eliminating  Heat  Transfer 
via  Shear  in  THF  Hydrates 


Eliminating  Mass 
Transfer  via  THF  Hydrates 


^  r 


<J>a-LlE|ui[l  [nlra-raDC  cli  b>' 

IHIlIVll  TJ I  n-tArAtar  nyttCttni. 


Muss  trnnBtcr  tiijuruljtfy  l(Lyei-cirniirLiiEErd 


PiEtivrc  St.l;  Schomattc  tof  TrAij»r<ri-  ElTocm 


G4irflflffaf  RiMsad^'an 


-MHiiScft&aaiTiltfua 


Circulate  Stoichiometric  Solution 
Past  THF  Single  Crystal 
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Is  it  possible  to  determine  a  map  of  which 
of  the  three  phenomena  is  controlling  as 
a  function  of  such  variables  as 

(1)  Temperature 

(2)  Pressure 

(3)  Concentration 

Hydrate  Growth 

(4)  shear  rate 

(5)  Particle  size 

(6)  Etc.? 

similarities  of  structures  can  cause 

n  1  to  form  ^ 

if  so,  how  could  it  be  done? 

1 

i 

Cwnsf  luf  w  ft  Oim  Wwa##  s^heAi 

Nucleation,  Growth,  and 
Agglomeration 


Very  Little  is  Known  at 
Fundamental  Level 
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Torstein  Austvik  (Statoil):  Hydrate  Morphology 


Agglomeration 

Why  Does  the  Slurry  Flow 

Hypothesis: 

Easily? 

■  Hydrate  particles  agglomerate  via  capillary 
attraction  between  particles 
•  capillary  attraction  measured  using  MMF 
apparatus 

■  Aggregated  Suspensions  9^ 

•  Large  structures 

•  High  viscosity 

■  Changing  y  to  prevent  wetting  of  the 
hydrate  particle  suppresses  growth  and/or 
agglomeration 

■  Hard  Sphere  Suspensions 

•  Hard  wall  and  hydrodynamic  interactions 
-  Isolated  particles 

•  Low  viscosity  at  moderate  volume  fraction 

Cold  Flow  of  Hydrate 
Slurries 
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Hydrate  Kinetics 

1  In  its  Infancy 

■  really  began  in  1980  s  by  Ra]  Bishnoi 

•  the  key  to  mod  ern  h  yd  rate  flow  ass  u  ran  ce 

2.  Challenging  Fundamentals 

■  kinetics,  heat,  and  mass  transfer 

“  nudeation,  growth,  agglomeration 

■  simultaneous  formation  of  >  1  structure 

3.  Fascinating  Applications 

■  flow  assurance  (risk  management) 

■  In  situ  kinetics  of  formation  differ  from  laboratory 
■  Orders  of  magnitude  different  time 

,  ■■  ilM  R-iirtiC’aieyr  i  J5>7a  ^  SUit-f  Cokirjda  Ssiteii  m 


7.  Rates  of  biological  methane  production  in  marine  sediments.  Frederick  Colwell, 
Idaho  National  Laboratory. 


Rates  of  Biological  Methane 
Production  in  Marine 
Sediments 

F.S.  Colwell 

Idaho  National  Laboratory 


Collaborators:  Stephanie  Boyd,  Mark 
Delwiche,  David  Reed 

Acknowledgements:  U.S.  Department  of 
Energy,  Office  of  Fossil  Energy;  Ocean 
Drilling  Program,  Leg  204  Science  Party 


Basic  steady-state  view  of  the  global  carbon 
cycle  (Dickens,  2003) 


Hydrates  with  2,000  to 
12,000  gigatons  of  CH4-C 
(Milkov  ef  al.  2004; 
kvenvolden  and  Lorenson, 
2001) 

4-24  times  the  mass  of 
terrestrial  carbon 


Amount,  distribution,  and 
behavior  of  gas  hydrates 
should  be  sfudiea  as 
dynamic  processes 
Accurate  estimates  to 
come  from  temporal 
modeling  of  CH4  inputs 
and  outputs  in  appropriate 
hydrate  environments 
CH.  inputs  are  poorly 
understood 


bxogenic  carbon  cycle 
, I 


Gas  Hytiral  e  Capar.it  or 


Modeling  of  hydrates  requires  biological  data 
and  better  biological  data  than  we  currently 
have 

“Where,  how,  and  at  what  rates  does  methane  form,  migrate, 
collect  in,  and  exit  from  hydrate/gas  deposits?  Once  we 
have  quantified  the  fluxes  that  control  the  dynamic  hydrate 
system  equilibrium,  then  we  can  estimate  system 
response  to  perturbation...”  Sloan  et  al.  1999 


Models  that  predict  the  occurrence,  distribution,  and 
quantity  of  methane  hydrates  require  better  parameters  for 
the  biological  contribution  (Xu  and  Ruppel,  1999;  Davie 
and  Buffet,  2001;  Gering,  2003;  Dickens,  2003) 


CO2  production  (moles  per  liter  per  year) 


Preservation 

Activity  of  seafioor 
methanogens? 


I  Immobilized  cells  in  fermenters 
Survival  |  stirred  tank  fermentations 
Sludge  digesters 
^k^^diment 

j  Surface  soils 

j  Deep  sea|sediments 

I  Deep  sea  waters 


Su^surfac^qui^s 
Subsurface  confining  clays 
Deep  arid  vadose  l 


Active  Growth 


consolidated  rock  formations 


9  9  <299  <2  <299 

Est.  avg.  microbial  community  doubling  time  (sec) 


Figure  modified  from  Onstott  et  al.  1999 
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Metabolic  activities  expected  from  water  chemistry  anaiyses 
versus  metabolic  activities  estimated  from  radiotracer 
experiments 


Type  of  metabolism 

Activity  from 
water  chemistry 
(lomol/kg/yr) 

Activity  from 
isotope  expt 
(pmol/kg/yr) 

Possible 

overestimate 

factor 

Aerobic 

<0.05 

>50,000 

106 

Soluble 

carbohydrate 

<6 

>30,000 

104 

Acetate 

<20 

>3000 

103 

Sulfate  reduction 

<0.001 

>10 

104 

Terrestrial  subsurface  data  from  the  US  SE  coastal  plain  (Phelps  et  al.  1994) 

Difficult  to  obtain  accurate  values  directly 
•Exceedingly  low  activities  in  the  subsurface 
•Sampie  handiing  confounds  direct  microbiai  activity  assays 
•Low  sampie  density 


Dissoived  H2  and  CH4 
were  removed  from 
suspensions  of 
starved  celis  and  then 
CH4  accumuiation 
measured  over  time 


0  10  20  30  40 

time  (hr) 


Methanogenic  system 
BRR  starved  M.  submarinus 
Lake  sediments 
Marine  sediments 
Anaerobic  reactors _ 


Rate  (fmol  CH^/cell/day) 

0.017 

31.5 

45.0 

108.8-135.0 


Reference 

Lay  et  al.  1996 
Williams  8.  Malcolm,  1980 
Li  &  Noike,  1992 


Realistic  rates  of  methanogenesis  for  sediments 
that  contain  hydrates 


1)  Measure  microbial  methane  production  at 
maintenance  levels  of  activity 

2)  Determine  methanogen  numbers  in  sediments 
containing  hydrates 

3)  Estimate  the  amount  of  methane  made  per  unit 
volume  in  the  sediments  for  hydrate  models 


Target  the  gene  (mcr)  that 
codes  for  methyl  Co-M 
reductase  (specifically  the  a 
subunit  of  the  C  component  of 
the  enzyme) 


•  Methyl  Co-M  reductase 

-  Terminal  step  in  the  enzymatic 
pathway  for  making  methane 

-  mcr  is  generally  confined  to 
methanogens;  out  also  evident  in 
the  archaeal  representatives  of  the 
anaerobic  methane  oxidizers 

•  Primers  amplify  mcr  DNA  from  five 
orders  of  methanogens,  but  not  from 
closely  related  archaea 


H-S-CoB 


CoM-S-S-CoB 


ACG  CCGTTAGTAACGTTGCATAACG  ACG 
TGCCCGTTAGTTACGTTGCATATGCTGC  Seq  uences 
CTA  CCGTTACTAACGTTGCATA  CTA  CTA 


CCGTTA  T  ACGTTGCATA  Primer 


Growth-limited  maintenance  of  Methanoculleus  submarinus  in  a 
biomass  recycle  reactor  (chronically  starved,  constant  biomass, 
low  activity) 

How  much  methane  produced  per  cell  under  chronic  starvation? 


Using  the  primers  conduct  step-wise,  quantitative  polymerase  chain 
reaction  (Q-PCR)  in  the  presence  of  sample  DNA  and  SYBR  Green  1 


related  to  the  amount  of 
double-stranded  DNA 
present  in  the  sample 
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Depth  (meters  below  seafloor) 


Site  1245 


Methanocaldococcus  jannaschii  DNA  extracted  from 
spiked  sediment  sampies 


•  The  threshold  cycle  number  is  proportional  to  the  log  of  the  initial 
DNA  concentration 


Highest  methanogen  biomass  found  at 
1-5  mbsf,  above  SMI  (7  mbsf);  800- 
18,800  cells/g 

Single  high  (lO"*  cells/g)  biomass 
sample  at  201  mbsf  near  Horizon  A 

Activities:  <1.7  x  10  ®to  3.1  x  10  ■Himol 
CH4/g/day 

Shallow  sediments  dominated  by 
microbial  methane;  but  with 
thermogenic  ethane,  higher 
hydrocarbons  in  conduits;  C  isotopic 
values  for  DIC  indicate  that  AMO  is 
mostly  at  the  summit  (Claypool  et  al. 


Lagand 

Ist  Znd 

ExL  Ext. 

9  =  sicn  cells'!  =  0 

a  =  ICO-t  .000  cells/g  =  ■ 

•  =1.in]-10J0DDc9llsfg=  ■ 

#  =  >  10  joao  cells/g  =  ■ 

BER  =  Botlom  SimulstlingReHector 

HSZ^^  =  Hydrale  Slabilily  Zone 

SMI  =  Sulfate  Methane  Interface 

^  75- 
(0 
A 

E 

|l50- 


225- 


300- 


1.6 

1.7 

1.8 


1.9 

2.0 

2.1 


Site  1251 

■5  •  Most  samples  negative  for 

>  methanogen  biomass  even 

£  within  0.5  m  of  SMI  (4.5 

mbsf) 

5  *  Two  high  biomass  samples 

>  at  179  and  255  mbsf  with  6.4 
I  x10MnearBSR)and4.3x 
p  10®  cells/g,  respectively 

•  Activities:  <1.7  X  10  ®to7.4x 
10  2nmol/g/day 

•  Rapid  burial  of  sediments; 
limited  hydrate  occurrence 
(Claypool  et  al.  2003) 


Ext. 


•  =  100-1  .ODD  calls/a  =  ■ 

•  =  l.mO-IOpCI]  cell9/g  -  ■ 

•  =  >  10.000  cells/g  =  ■ 
BSR  =  Botlom  SimulelingRellectoi 
HS2  I  =  Hydrate  Stability  Zona 


Numbers  of  methanogens  (log  lOr)  per  g  sediment 

01234567 
0  ...... 

100 


300 

400 


Trend  for  total 
c^ls  numbers 
in  marine 
sediments 
(Parkes.etal. 
1994) 


Methanogen  numbers  for  all  Leg  204  samples 

•  25%  of  the  samples  show  evidence  of  methanogens 

•  When  >1000  methanogens  per  g  detected  samples  usually  from  <50  mbsf 

•  Numbers  of  methanogens  still  well  below  estimates  of  total  cell  numbers 

•  Considerable  heterogeneity  evident 


^  103 

b)  io*_ 

%  >»'- 
E  100  - 

lo-t 

c 

.2  lo-i 
o 

3  10-1 
2  10-t 

Q. 

,  10-3- 

5  10-®. 


fii| 

:  S'  1' 


I  Cascadia 
I  Margin 
I  (l*fl  146) 


ill! 


Nankai 

Trough 

(METI) 


Deep  marine  sediment 

_ n  Wellsbury  et  al.  1 

1992;  Reed  et  al.  2002 


core  locations 


Plausible  rates? 

Most  of  our  estimates: 
■’1.7  X  lOr^  nmole  CH^  /g/d 
-6.2  X  10^  nmole  CH^  /g/yr 
for-IO^yr 
-620  nmole  CH/g 
-6.2  X  10-^  mmole  CH^  /g 

1.5%  TOC  present 
(Waseda,  1998) 

-15  mg  C/g 
-180  mmole  C/g 

Typical  estimates: 

-1  nmole  CH^  /g/d 
-365  nmole  CH^  /g/yr 
for-IO^yr 

-3.65  X  10^  nmole  CH^/g 
'•’365  mmole  CH4  /g 
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Summary 

•  Biomass  recycle  reactors  are  useful  for  deriving 
maintenance  level  activities  of  cells;  estimates  of  0.017 
fmol  CH4/cell/day  are  lower  than  previous 
methanogenic  rate  determinations,  but  can  go  lower. 

•  Estimated  in  situ  methane  production  rates  (amount  of 
CH4  made/sediment  mass/unit  time)  are  at  least  1 00 
times  lower  than  earlier  estimates. 

•  Most  methanogenic  rates  inferred  for  Hydrate  Ridge 
samples  are  <1.7  fmol  CHJg  sediment/day 
(constrained  by  detection  limits  of  Q-PCR). 

•  Some  notable  exceptions  may  be  associated  with 
geologic  features. 

-  Horizon  A,  BSR  are  intriguing  targets  for  future 
research. 

-  Use  geochemistry  to  differentiate  methanogenic 
zones  from  anaerobic  methane  oxidation  zones. 


Knowledge  gaps  in  the  understanding  of 
hydrates  -  Biogeochemistry 

•  How  can  we  refine  the  conceptual  and  predictive  models  of 
hydrates  as  a  climate  change,  seafloor  stability,  and  resource 
phenomenon? 

-  Integrate  biogeochemical  rate  data  with  geochemistry  and 
geology  to  make  accurate  adjustments  oT  the  models. 

-  Cooperation  between  modelers  and  experimentalists  to 
specify  the  model  parameters  that  need  to  be  strengthened 
and  the  iterative  steps  to  acquire  these  parameters. 

•  What  are  the  essential  coupled  processes  that  involve 
biogeochemical  properties  of  hydrate  sediments? 

-  Study  hydrates  as  a  system  to  detect  “emergent 
properties”. 

-  Example;  study  the  integrated  biological  (e.g.,  anaerobic 
oxidation  of  methane),  geochemical  (sulfate,  methane,  DIG 
flux),  and  hydrological  (preferred  flow  path  dynamics) 
processes  in  seafloor  sediments  to  determine  how  they  are 
coupled. 


Knowledge  gaps  in  the  understanding  of 
hydrates  -  Biogeochemistry 

•  What  are  the  rates  of  key  bioloaical  processes  (e.g., 
methanogenesis,  methane  oxidation)  in  marine 
sediments  and  how  do  they  vary  regionally  and 
locally? 

-  Comprehensive  (accurate)  datasets  on  the  range  of 
methanogenic  and  methanotrophic  (aerobic  and  anaerobic) 
rates  in  seafloor  sediments. 

-  What  are  the  sources/sinks  of  energy  for  these  cells? 

-  Pressure,  temperature,  thermodynamic  experiments  with  these 
cells  that  have  been  starved  in  biomass  recycle  reactors. 

-  Seafloor  investigations  of  “type”  locations  and  targeted 
studies  of  unique  geologic  features. 

-  Coalescence  of  methods  from  different  disciplines 

•  E.g.,  merge  biogeochemical  measurements  (mRNA-based 
transcription  assays,  enzyme-based  activity  assays)  with 
advanced  CORKS 

-  Mesoscale  investigations? 


Practical  considerations  related  to  the 

biogeochemistry  of  hydrates 

•  Are  there  other  science  programs  that  can  serve  as 
templates  for  how  to  proceed  with  such  integrative 
research? 

•  What  non-intuitive  opportunities  or  agencies  have 
been  overlooked  as  possible  funding  sources? 

•  What  does  the  crystal  ball  tell  us? 


“We  have  not  succeeded  in  solving  all  of  our  problems.  In  fact, 
the  solutions  we  have  found  have  served  to  raise  a  whole  new 
set  of  questions.  In  some  ways  we  are  as  confused  as  ever; 
however,  we  are  confused  on  a  higher  level  and  about  more 
important  things”  (source  unknown) 


8.  Gas  hydrate:  the  paths  forward.  Art  Johnson,  Hydrate  Energy  International. 


The  Paths  Forward 

(Pulling  the  Pieces  Together) 
Art  Johnson 

Hydrate  Energy  International 


4’*’  International  Hydrates  Conf.,  Victoria,  BC 
May  9-1 1,2005 


Paths 

We  are  all  here  because  of  our  interest 
in  Gas  Hydrate 
But: 

■  We  are  not  all  looking  for  the  same 
end  result 

■  We  have  different  timelines 
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An  Example:  Hydrate  as  a  Resource 

■  How  soon  will  it  be  needed? 

■  What  will  the  gas  price  be? 

■  Can  hydrate  compete  with  LNG? 


Uses  of  Natural  Gas 


Commercial 


Spon< 

Iror 


Oil  CoDsamption  w.  GDP 


Per  Capita  Oil  Consamption  (bU/yr) 


Some  drivers  for  national  methane 
hydrate  programs 

■  Energy^  Resource/feedstock 

m  Geo  hazard  XBU_,_esp^J3erjl<iafiy_8iL_ 
Norway)  _ 

■  Global  Climate  (EU)' 

■  Basic  Science  (EU,  esp.  Germany) 

■  U.S.  -  All  of  the  above 
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Gas  Price  Dynamics  ^  North  America 


A  Question 


Should  our  research  efforts  be 
focused  on  a  limited  number  of 
geographic  locations,  or  should  we 
expand  to  a  larger  number  of  sites 
globally? 


Critical  Components  of  a 
Commercial  Hydrate  Prospect 


Another  Question 


How  do  we  maximize  data  sharing 
within  the  various  parts  of  the  gas 
hydrate  community,  and  with  the 
broader  research  community? 


Appropriate  Temperatures  and 
Pressures 

Reservoir  Lithology  (Sand) 
Sufficient  Gas  Migration  (Dissolved) 


But  how  can  we  identify/quantify 
prospects? 


Another  Question 


For  Prospecting: 

A  Petroleum  System 

Better  seismic  methods 

•  Acquisition,  Processing,  Reprocessing 
Better  tie  of  seismic  to  lithology  and 
hydrate  content 

•  "More  holes  in  the  ground" 
Semi-quantitative  is  a  reasonable 
way  to  high-grade  areas  of  interest, 

•  Prospect  definition  requires  more 


What  are  the  opportunities  for 
bringing  additional  nations  into  our 
collaborative  efforts,  and  how  do  we 
address  the  funding  issues  (and 
research  priorities)  that  will  likely 
result? 


Gas  Prices  1 

Switching  to  other  fiiels 

Decreased  consun^tion 
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Ireland 


■  Drivers: 

•  Energy 

■  Hydrate  Potential:  Mod.  to  High 

■  Current  Program: 

•  Integrated  program  of  Government, 
Industry  and  Academia 

•  Strong  Science  Community 

•  Modest  program  at  present 

■  Situation: 

•  No  short  term  gas  shortage 

•  Concern  about  future  supply 

•  lODP  Porcupine  Basin  Expedition 
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Changing  Industry  Perspectives  on 
Gas  Hydrate 

New  View: 

■  Possibly  commercial  in  5-10  years 

■  More  expensive,  but  not  prohibitive 

■  Leverage  existing  technology 

■  Needs  to  be  considered 


Another  Question 

Are  there  new  technologies  in  other 
fields  that  we  need  to  utilize  (or  at 
least  include  in  our  thinking) 

■  Exannples: 

•  Gas-to-Liquids  (GTL) 

•  Downhole  combustion 

■  Being  considered  for  heavy  oil 

/ iEI 


Another  Question 

How  can  we  increase  the  amount  of 
data  for  gas  hydrate  that  could  be 
gleaned  from  investigations  not 
focused  on  gas  hydrate? 


Future  Directions 

During  this  conference: 

■  What  are  the  most  important 
knowledge  gaps? 

■  How  do  we  address  them? 

■  What  are  the  steps  for  better 
collaboration? 


/ 


i/EI 


/  /  / 
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IV.  BREAKOUT  SESSIONS 


Workshop  sessions  were  organized  for  discussion  under  the  four  workshop  themes. 
Subsequent  to  these  discussions  the  breakout  sessions  were  organized  for  continued  discussion 
between  themes  in  Sessions  1  &  4  and  2  &  3.  These  four  sessions  were  summarized  on  the  final 
day  of  the  workshop.  The  following  text  is  based  on  the  notes  that  were  provided  by  the  session 
chairs. 

A.  Session  1  -  Chair,  Warren  Wood  (NRL) 

Methane  Hydrate  Resource  Characterization  and  Distribution 

Knowledge  Gaps  and  Barriers  in  Hydrate  Research 

1 .  What  are  the  knowledge  gaps? 

•  Paucity  of  good  quality,  pertinent  field  observations,  particularly; 

o  Spatial  and  temporal  hydrogeology  (all  scales)  of  methane  hydrate  bearing 
systems,  (focused  vs.  diffuse  flux,  etc.) 

o  Effects  on  hydrate  hydrologic  system  of  a  time  dependent  thermal  regime 
(primarily  from  seafloor  or  land  surface  T  changes) 
o  Seismic  velocity  vs.  hydrate  content  in  sediment  (fine  &  coarse  grain) 
o  Electrical  resistivity  (log)  vs.  hydrate  content  in  sediment  (fine  &  coarse 
grain) 

•  A  means  of  remote  identification  and  quantification  of  hydrate  better  than  the  BSR, 
especially  for  permafrost  hydrate,  i.e.  better  proxies. 

o  Can  Electro-Magnetic  methods  be  used  more  effectively? 
o  How  do  bio-geologic  factors  affect  gas  hydrate  production/accumulation  (e.g. 
terrestrial  vs.  marine  organic  carbon? 

•  Geotechnical  behavior  of  hydrate  bearing  sediment,  i.e.  sediment  bearing  strength, 
dynamics,  and  statics). 

•  Modeling? 

•  Laboratory? 

2.  What  are  the  barriers? 

•  Cultural: 

o  There  is  a  lack  of  consensus  in  research  focus  and  priorities 
o  Biases  are  based  on  individual  research  goals, 
o  We  are  too  focused  on  BSRs  in  marine  environments. 

o  In  many  Labs  there  is  only  one  person  doing  hydrate  research,  resulting  in  a 
lack  of  a  “critical  mass”. 
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•  Logistic: 

o  FLTNDING/COST  (lack  of  industrial  involvement) 
o  Datasets  and  knowledge  are  limited  to  current  sites  that  are  being  studied, 
o  Industry  perspective  vs.  science  (research)  perspective.  “Language  Barriers”. 

•  Scientific: 

o  Lab  sample  results  are  frequently  not  applicable  to  the  in  situ  environment, 
o  Simulating  natural  gas  hydrate  in  the  lab  is  extremely  difficult, 
o  It  is  very  difficult  to  make  hydrologic  measurements  in  situ. 

3.  What  are  the  Solutions? 


•  Cultural: 

o  Investigate  importance  of  local  geology  in  GH  formation  (e.g.  contrast  regions 
that  should  have  BSRs  but  don’t,  vs.  regions  that  do). 

o  Integrate  laboratory  experimental  results  with  models. 

o  Link  research  efforts  and  activities  to  resource  potential  (industry 
perspective). 

•  Laboratory: 

o  Standardize  methodology  for  creating  hydrates  in  the  lab  that  best  simulates 
the  natural  environment  to  more  accurate  determine  the  effect  of  hydrate  on 
sediment  physical  properties  (e.g.  crack  permeability,  velocity  and  resistivity). 


•  Numerical: 

o  Perform  detailed  hydrogeologic  modeling. 

o  Construct  and  manage  central  databases,  with  integration  and  synthesis. 


Field: 

o  Dynamic  areas  require  long  term,  continuous  monitoring  stations  (e.g.  Ole 
Miss  and  Neptune  systems). 

o  Use  magnetic  imaging  to  identify  regions  of  gas  hydrates, 
o  Investigate  shear  wave  properties  of  hydrate  bearing  sediments, 
o  Investigate  anisotropy  to  identify 
o  discreet  features  for  enhanced  permeability, 
o  Perform  hydrologic  testing  (e.g.  tracer  injection  experiments) 
o  Use  instrumented  pressure  core, 
o  Use  AUV’s  for  targeted  surveys  (not  wide-areas). 


4.  Status  of  specific  research  programs:  This  includes  a  list  of  comments  from  briefings 
on  several  ongoing  projects. 


a.  HERMES  (Angus  Best) 
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•  EU  4  year  project  -  Investigation  of  ecosystem  hotspots  along  European  Margin  and 
west  coast  of  Africa 

o  Cold  Seeps 
o  Mud  Slides 
o  Mud  Volcanoes 
o  Cold  Water  Corals 
o 

•  Focus  on  benthic  ecosystems 

•  Diverse  team  of  researchers 

•  Multiple  cruises  planned 

o  Some  for  Gas  Hydrate  research 
o  Opportunities  for  international  collaboration 

•  Program  is  underfunded;  need  to  bring  some  funding 

•  General  research  goals  are  fairly  well  established.  Flexibility  lies  with  individual 
Chief  Scientists 

•  Possible  opportunities  to  link  with  efforts  on  Cascadia  Margin  (e.g.  exchange  of 
researchers?) 

•  Opportunities  for  technology  sharing  with  Cascadia  Margin  and  Gulf  of  Mexico 
(GOM) 

•  Current  Capabilities  Include: 

o  OBS 

o  Side-scan  Sonar 
o  ROV’s  w.  high-resolution  imaging 
o  3-D  Seismics 

o  Lab  Facilities  (geotechnical  resonance  column) 

b.  Jens  Greinert  -  German  Efforts  (COMET,  MUMM2),  Cruises  planned  within  HERMES  and 
in  New  Zealand 

•  Temporal  Methane  Studies 

•  Sediment  Samples  (for  AOM) 

•  Current  Capabilities  Include: 

o  Side-scan  sonar 

o  Deep  tow  streamers 

o  Lad  facilities  for  pressurized  studies 
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•  Opportunities  exist  to  get  samples  from  cruises  and  to  collaborate  with  other 
programs 

c.  Georgia  Tech  -  Built  a  device  to  accept  a  PCS  to  do  seismic,  heat,  and  resistivity... need 
opportunities  to  test. 

•  Tentative  plans  exist  in  lODP  areas  to  calibrate  field  measurement  systems  w/  well 
log  data. 

•  Track  311  HYACE  tools  for  pressure  core  transfers  w/  Geaorgia  Tech  devices  to  be 
employed  on  Track  311. 

d.  NRL  Capabilities  (Warren  Wood) 

•  Deep-tow  seismics 

o  DTAGS 

•  Detailed  Temperature 

o  Thermal  Probes 

•  NMR 

•  Microbiology 

•  Stable  isotopes 

o  5'^C 

•  X-Ray  CT 

•  Computer  Simulations 

o  Heat  flow 
o  Methane 
o  Carbon  flux 

e.  EU  collaboration  w/  Russia  (80%  Russia,  20%  EU  money)  -  INTAS 

•  Multiple  research  priorities  including 

o  Hydrate  nucleation  and  growth 
o  Study  of  hydrate  accumulation 
o  Kinetics 

•  Examples  of  joint  research  program: 

o  ECOSSE- 

o  Wellbore  Stability  w/  CSIRO  in  Australia 
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o  Effect  of  Repeated  Formation  and  Dissociation  of  GH  on  Sediment  Strength 
w/NZ 

o  TSEC  -  Towards  Sustainable  Energy  Economy  -  CO2  Hydrates 

•  Capabilities  - 

o  Extensive  lab  facilities  for  hydrate  formation  and  dissociation  simulations 
o  Microglass  formations  micro-model 
o  Porous  media  rig 
o  Ultrasonic  rig 

f  IRELAND  -  Padraic  MacAodha 

•  What  is  required  for  a  Hydrate  prospect? 

o  Hydrocarbon  Source 
o  Timing 
o  Migration 
o  Reservoir  Rock 
o  Seal 
o  Trap 

•  Resource  risk  assessment  model  based  on  seismic  data,  sediment  type,  and  known 
reservoirs 

•  Capabilities: 

o  Multi-beam  and  sub-bottom  profding 
o  New  (~46m)  research  vessel 
o  ROV  with  deep  tow  and  multi-beam 

B.  Session  2  -  Chair,  J.  Ripmeester  (NRC -Ottawa);  Secretary  -  D.  Sloan  (CSM) 

Methane  Hydrates  Kinetics,  Dissociation  and  Biogeochemistrv 

1 .  Maj  or  Questions 

•  Decomposition  of  natural  hydrate  (production) 

o  What  are  we  decomposing? 

■  Is  it  methane  hydrate  or  a  more  complicated  material? 

■  What  are  the  minor  components?  Will  they  need  to  be  removed  before 
utilization  of  gas? 

■  How  do  they  affect  the  P,  T  stability  conditions?  If  the  hydrate  is  more 
complex,  will  the  degree  of  destabilization  need  to  be  increased  over 
that  for  pure  methane  hydrate? 

o  Decomposing  the  hydrate  system  -  that  is  hydrate  in  sediment. 

■  Can  this  be  treated  as  an  intrinsic  hydrate  decomposition  (eg  as 
defined  by  Bishnoi)  plus  the  effect  of  heat  transfer  plus  the  effect  of 
mass  transfer? 
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■  How  does  permeability  ehange  with  decomposition  of  hydrate  in 
sediment? 

Note:  There  was  no  general  agreement  on  whether  such  a  thing  as  “intrinsic  hydrate 
kinetics”  exists.  First  of  all,  we  need  to  agree  on  a  definition  that  can  be  tested  by  both 
experimentalists  and  modelers.  Once  a  general  approach  has  been  agreed  upon,  the  data 
generated  can  be  used  in  developing  predictive  reservoir  models. 

•  Formation  kinetics  (flow  assurance,  CO2  sequestration) 

o  Nucleation  statistics  (or  induction  times)  -  we  need  information  that  is 
independent  of  the  experimental  apparatus  used, 
o  Growth  -  data  is  needed  to  link  growth  (from  the  smallest  observable 
particles)  to  formation  conditions  eg  driving  force,  mass  and  heat  flow  limited 
conditions 

o  We  need  to  know  the  mechanism  of  hydrate  inhibition. 

Note:  Very  little  work  has  been  done,  so  the  knowledge  gaps  are  many.  Modelers  need 
information  on  nucleation  statistics,  the  connection  between  hydrate  morphology  and 
formation  conditions,  etc.  in  order  to  compare  their  models  with  experiment.  As  well,  the 
interaction  of  hydrate  inhibitors  with  hydrates  needs  to  be  understood  at  a  molecular  level 
(modeling  and  experiment). 

•  Biogeochemistry 

o  The  methane  cycle 

■  We  need  to  understand  the  role  of  microbial  oxidation  and  the 
consumption  of  methane  in  the  overall  picture  of  the  methane  cycle. 

■  Models  are  needed  to  identify  the  impact  of  the  methane  cycle  on 
global  climate  and  its  effect  on  ecosystems;  where  does  the  methane 
released  end  up? 

■  More  extensive  piston  core,  push  core,  and  seismic  analysis  are  needed 
to  locate  and  understand  the  role  of  biogeochemistry  in  producing  the 
deep  hydrate  resource. 

■  As  these  measurements  are  very  complex,  there  is  a  need  for 
interactions  to  determine  which  parameters  are  the  key  ones  and  how 
to  measure  them. 

■  Everything  needs  to  be  brought  together,  T  profile,  cores,  seismic  data, 
etc. 

2.  Session  recorder  (Tom  Smith,  ONR)  offered  a  few  observations  on  data  availability, 
data  sharing,  and  interdisciplinary  and  group  collaboration  and  proposed  a  solution  to 
the  problem. 

•  Because  of  the  great  diversity  of  disciplines  there  are  few  opportunities  for  open 
discussion  (different  disciplines  seldom  meet  in  the  same  location). 

o  Solution:  set  up  a  website  (eg.  hydrate@cineplex.org)  that  will  allow  open 
discussions  of  hydrate  issues,  listing  recent  research  results,  opportunities  for 
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collaboration,  funding  opportunities,  research  infrastructure  that  is  available  or 
under  development. 

o  List  serve  is  easy  to  set  up,  it  will  include  e-mail  addresses  of  all  attendees, 
o  Links  will  be  added  to  other  hydrate  websites  as  well  as  the  CODATA 
website  for  accessing  archived  data. 

Note:  Further  plans  on  the  nature  and  governance  of  the  website  were  made  at  the 

plenary  session  on  Wednesday. 

3.  Discussion  around  collaborations  (also  summarized  in  table  produced  by  group 
chaired  by  Rick  Colwell) 

•  lODP  -  6  group  members  indicated  an  interest  in  joining  the  program  -  largely  to 
obtain  core  samples  or  to  go  to  PGC  to  carry  out  experiments 

•  Neptune  -  1  group  member  indicated  an  interest  in  participating  -  geochemical  data 
pertaining  to  methane  flux  in  the  water  column 

•  Mallik  3  -  likely  to  be  mainly  a  prolonged  production  test  (piggybacking  science?) 

o  Very  expensive  as  an  experimental  site  (~$60M)  -  indicated  need  for  a 
reliable  reservoir  simulator  with  good  predictive  properties 
o  As  input,  requires  verification  of  fundamental  concepts  of  hydrate 
decomposition  (lab  +  microscopic  modeling)  before  adding  effects  of  heat  and 
mass  transfer,  permeability.  An  excellent  opportunity  for  the  microscopic  and 
reservoir  modelers  and  experimentalists  working  at  a  variety  of  length  scales 
to  contribute. 


C.  Session  3  -  Chair,  Rick  ColweU  (INL) 

Environmental  Concerns:  Seabed  Stability  and  Ecosystem  Health 

1 .  Seabed  Stability:  In  the  area  of  seabed  stability,  knowledge  gaps  exist  in  recognizing 
the  locations  that  are  prone  to  destabilization,  in  sensor  development  and  in  the 
environmental  effects  of  methane  release  on  marine  biota.  Causes  of  seabed  slips, 
whether  or  not  connected  to  gas  hydrates,  are  not  well  understood.  Seabed  slips  can 
occur  either  as  a  single  event,  multiple  progressive  discrete  events,  or  as  a  long-term 
continuous  movement. 

•  The  following  knowledge  gaps  and  barriers  were  indicated  as  impeding  our 
understanding  of  the  processes  that  control  seafloor  stability  in  locations  where 
methane  hydrates  are  present: 
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o  There  is  a  general  laek  of  data  on  pore  pressure  and  temperatures  in  the 
sediments  that  might  become  destabilized  and  in  sediments  at  control  sites 
where  destabilization  is  unlikely.  This  hampers  the  ability  to  model  these 
systems. 

o  There  are  new  3-D  seismic  tools  that  detect  overpressure  conditions  (consider 
the  presentation  by  Stefan  Bunz);  however,  these  tools  appear  to  require 
calibration  (i.e.,  careful  measurements  of  the  actual  conditions  in  the 
sediments  where  the  geophysical  tools  are  used). 

o  There  is  a  lack  of  understanding  of  the  temporal  aspects  of  stability.  For 
example,  does  slow  creep  occur  in  unstable  areas  yet  are  we  unable  to  detect 
this  slow  motion?  The  events  that  initiate  large  slope  failures  are  not  known. 

o  We  do  not  understand  how  physical  properties  of  gas  hydrates  change  during 
formation  and  decomposition  of  hydrates  in  sediments.  These  events  may 
impact  seafloor  stability. 

o  The  impact  of  biological  processes  on  slope  failure  (e.g.,  the  conditions  or 
rates  that  permit  microbial  activities  to  cause  an  increase  in  sediment  pore 
pressures)  is  unknown. 

•  The  following  experiments  were  discussed  as  ways  in  which  some  of  the  knowledge 
gaps  might  be  addressed: 

o  Arrayed  systems,  fitted  with  appropriate  temperature  and  pore  pressure 
sensors,  may  be  able  to  detect  conditions  that  precede  slope  failure.  In 
addition  to  locations  that  are  considered  candidates  for  slope  failure,  sites  that 
are  considered  control  or  background  locations  are  important  to  instrument  in 
this  fashion  as  well  although  it  is  acknowledged  that  such  efforts  are 
expensive. 

o  New  versions  (less  expensive  on  a  unit  basis,  more  accurate  than  the  currently 
used  CORKS  [circulation  obviation  retrofit  kits])  of  downhole  tools  or 
wellhead  systems  located  on  the  seafloor  would  enable  better  experimental 
design  and  more  accurate  data  to  be  collected  in  order  to  understand  seafloor 
conditions  that  might  initiate  slope  failure.  An  example  of  such  a  system  is  the 
Simple  Cone  Instrument  for  Measuring  Parameters  In-situ  (SCIMPI). 

o  The  tools  required  to  obtain  4-D  bathymetry  data  are  available;  however  these 
tools  have  not  yet  been  used. 

2.  Ecosystem  Health 

•  The  following  knowledge  gaps  and  barriers  were  identified  with  respect  to  ecosystem 
health  in  hydrate-rich  areas.  After  some  discussion  this  topic  area  was  broadly 
defined  as  referring  to  ecosystem  health  issues  that  range  from  local  (e.g.,  ecosystems 
that  develop  on  seafloor  equipment  or  simply  in  the  sediments)  and  global  (e.g.,  the 
biome  affected  by  large-scale  releases  of  methane  from  seafloor  sediments). 

o  In  addition  to  a  general  lack  of  knowledge  regarding  the  size  of  the  methane 
hydrate  reservoir  there  is  perhaps  an  even  more  severe  absence  of  data 
regarding  the  size  of  the  dissolved  gas  reservoir  in  marine  sediments. 
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o 


The  impact  of  gas  emitted  as  bubbles  and  from  seeps  is  unknown.  The  fate  of 
methane-C  has  not  been  traced  through  the  biota  to  determine  its  impact  on 
the  local  ecosystem  and  the  biosphere  when  released, 
o  We  do  not  understand  in  any  detail  the  temporal  and  spatial  distribution  of 
methane  in  the  water  column. 

•  The  following  experiments  were  discussed  as  ways  in  which  some  of  the  knowledge 
gaps  might  be  addressed: 

o  Uniform  sampling  of  sediments  and  waters  for  dissolved  methane  needs  to  be 
conducted.  In  order  to  be  attained  this  experimental  need  is  dependent  upon 
the  development  of  better  methane  sensors.  To  achieve  the  necessary 
advancements  these  methane  sensors  must  be  more  sensitive,  robust,  and 
inexpensive  than  existing  sensors  so  that  they  can  be  deployed  in  a  dense 
array  where  the  data  are  required.  Such  sensors  should  have  real-time  data 
collection  capabilities  and  should  have  cable  tie-in  options, 
o  Corresponding  sampling  and  characterization  of  the  structural  and  functional 
attributes  of  microbial  communities  that  exist  in  the  sediments  and  waters 
needs  to  occur  in  order  to  tie  the  geochemical  conditions  (e.g.,  dissolved 
methane  concentrations)  to  the  biological  community  dependent  upon  this 
source  of  energy.  Eventually,  it  will  also  be  important  to  tie  the 
responsiveness  of  the  microbial  community  (i.e.,  methanotrophic  activity)  to 
these  methane  fluxes  allowing  a  more  thorough  understanding  of  the 
dynamics  of  relevant  microbial  activities  to  this  abiotic  parameter, 
o  Collaborative  research  in  any  of  the  knowledge  gaps  identified  would  be  of 
value  to  the  community.  Specific  note  was  made  of  efforts  to  build  shallow 
water  observatories  like  the  Canadian  VENUS  project  as  well  as  cabled 
monitoring  programs  like  the  NEPTUNE  and  MARS  programs.  Additional 
programs  where  collaborative  R&D  might  be  possible  towards  addressing  the 
key  knowledge  gaps  include  the  U.  Mississippi  gas  hydrate  observatory,  the 
Rhone  Delta,  and  the  Japanese  cabled  observation  system.  The  establishment 
of  undersea  monitoring  laboratories  with  nodes  for  attaching  instrumentation 
using  a  remotely  operated  vehicle  would  be  invaluable  for  testing  of  newly 
designed  pressure,  temperature,  and  methane  concentration  instrumentation. 
There  may  be  worldwide  opportunities  for  seafloor  monitoring  projects, 
although  the  overarching  programs  may  not  be  specific  to  methane  hydrates. 
None  of  these  systems  except  VENUS  will  be  placed  in  a  location  where 
seafloor  stability  may  be  an  issue  as  typically,  cable  safety  is  integral  to  the 
equipment  design.  Nonetheless,  these  systems  could  be  used  for 
instrumentation  development  and  measuring  baselines  for  pressure 
perturbation  studies. 

o  Table  1  was  developed  to  identify  near-term  collaboration  opportunities  for 
international  parties.  The  table  identifies  field  sites  (at  least  12  listed)  that  will 
permit  some  level  of  collaboration  in  the  sampling  and  characterization  of 
hydrate  formations.  Some  of  these  entries  require  careful  editing  by  the 
responsible  cruise  organizers  to  determine  the  accuracy  of  the  details  that  are 
noted  in  the  table.  As  yet  uncompleted,  but  deemed  worthy  of  consideration 


56 


were  “idealized  sites”  that  might  permit  the  description  of  the  perfect  location 
for  investigating  a  particular  process  or  problem.  It  was  also  proposed  that  the 
table  include  pending  hydrate  lab  experiments  that  may  include  outside 
participants,  experimental  facilities  for  pressure  studies,  vehicles  designed  for 
seafloor  investigations,  tools,  and  sensors.  As  the  table  is  developed  to  include 
tools  or  sensors  it  should  include  statements  that  indicate  the  objective, 
readiness,  availability,  contact,  and  web  address  pertinent  to  the  equipment  in 
question.  A  link  to  the  NSF  oceanographic  sensors  site  will  be  important  to 
prevent  duplication  of  effort.  Significantly,  a  web-based  forum  for  cross- 
disciplinary  discussions  was  proposed. 

Table  1:  Overview  of  near-term  collaboration  opportunities  for  international  collaborations. 


Site 

Topic 

Objective 

Ongoing  Effort  Needs- 

Area 

Opportunities 

Chile  Jan- 

Further 

Seismic  studies. 

Water  column 

Feb  2006 

exploration  of 

piston  coring. 

flux,  10  spaces 

gas  hydrate 

heat  flow 

available. 

seismic  profiles 

open  to 

and  coring  of  a 

suggestions  if 

specfic  mound 

space  is 

with  significant 

available. 

biological 

potential  for 

activity. 

newer 

Personnel 

research 

development 

vessel,  side 

and  training. 

scan  sonar. 

geomechanical 

understand 

studies. 

origin  of  BSR 

economics 

and  presence 

of  methane, 
temporary  on¬ 
site 

assignments 
(~  1  year) 


Archiving  Contacts  Poster  Connected  efforts 

Options 


Rick  Coffin,  Juan  Yes  Lisa  Levans,  Chris  German, 
Diaz-Naveas  World  University  Network 

(idiaz@ucv.cl)  (WUN),  Census  of  Marine 

Life;  INSPIRE 

(www.soc.soton.ac.uk/chess/se- 
pacific.html);  UK  Deep  Oceans 


Gulf  of 

Microbial 

5-10  years  of 

Understanding 

June 

2005 

All 

Ray  Highsmith, 

Mexico- 

processes 

monitoring 

biological 

CFP 

data/meetings 

MUST 

microbial 

and 

(physical. 

systems  in  an 

open  to 

(ray@olemiss.edu) 

observatory 

products 

biological. 

active  hydrate 

public 

(MCI  18)  - 

chemical)  a 

mound- 

June  2005 

known  hydrate 

microbial 

CFP  due 

mound 

research 

date 

New 

Resource 

Sediment 

Open 

space 

Zealand- 

recovery  from 

for  a 

large 

July  2006 

seep  sites. 

number 

of 

piston  coring. 

people 

seismic  studies, 
dredging  for 
carbonates 


New 

Zealand- 

2007 

Biogeochemical 
cycling  of 

methane  of 

entire  water 

column 

(see  also  hydrate 
ridge  rock 

drilling) 

Ship  is  full, 
but  data 

analysis 
opportunities 
available 

Jens  Greinert 

New 

Zealand- 

2008 

DTAGS 

Hydrate 

Ridge 

Rock  drilling 

chemoherm  (this 
technology  may 
be  available  for 
other  projects) 

Jens  Greinert 
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Site 

Topic 

Area 

Objective 

Ongoing  Effort 

Cascadia- 

lODP 

Cascadia- 

ecosystem 

Characterization 

Past 

thermogenic 

health 

of  hydrocarbon 

geophysical, 

(Barkley 

seeps;  geochm, 

geochem 

Cany) 

microbial  and 

studies,  some 

geophys 

microbial 

Japan 

MARS 

Bore  hole  test 

Test  instruments 

facility 

and  sensors, 

hydrology, 
geomicrobiology 
studies  at  well 
head,  dispersal 
around  sensors, 
seismic  borehole 

Venus  -  slope 

understanding 

multi-yr  seabed 

Fraser  River  stability 

sediment 

cable 

delta 

dynamics,  effect 

infrastructure 

of  gas  in 

sediments, 

deltaic 

program 

processes 

HERMES; 

seafloor 

"Hot  spot" 

Continuation  of 

Haakon 

stability 

ecosystems; 

work  on 

Mosby, 

habitat  mapping 

continental 

Storegga, 

driven  by 

margins; 

Gulf  Cadiz; 

marine  biology. 

subjects: 

started 

find  methane 

hydrates,  seeps. 

April 

seeps. 

cold  water 

2005.. for  4 

microbiologists 

communities. 

yrs 

stabilities 

NRL 

Needs-  Archiving  Contacts  Poster 

Opportunities  Options 


Michael  Riedel 
(GSC) 

on 

Ross  Chapman 

Sept 

submersible 

(Uvic) 

04 

dives,  possible 

EOS 

remote 

paper 

participation; 
data  and 

sample 

sharing;  some 
berths  possible 

Hideo  Narita 

Borehole 

Charlie  Pauli 

installation 

and 

(MBARI) 

engineering 

collaboration, 

technology 

development 

Data  is  fully 

Phil  Hill  (GSC) 

Venus 

web- 

web 

accessible; 
possible  new 
experiments 
can  be  added 

site 

to  the  node  but 
there  are 

constraints 
(you  have  to 
pay) 

Numerous 

Angus  Best/Phil 

opportunties 

Weaver 

through 
contact  with 

(Southampton) 

Phil  Weaver; 
sample 

sharing  and 

shipboard 
opportunities 
available  with 

contact 

Warren  Wood 


Connected  efforts 


connected  with  lODP  Cascadia 


Neptune-Canada 
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D.  Session  4  -  Chair,  Art  Johnson  (HEI) 

Methane  Hydrate  Future  Development 

The  intent  of  this  breakout  session  was  to  delineate  a  “roadmap”  for  the  various  themes 
of  gas  hydrate  researeh  and  identify  the  eritical  barriers  to  achieving  the  respective  goals.  The 
themes  considered  were: 

1 .  Resources 

2.  Hazard:  (Seafloor  and  Slope  Stability;  Drilling  and  Production  Effects;  Flow 
Assurance) 

3.  Industrial  Processes  (Nanotechnology);  (Sequestration  of  Substances) 

4.  Climate/Global  Change 

5.  Material  Storage  and  Transport  Media 

Due  to  time  constraints,  Climate/Global  Change  and  Material  Storage  and  Transport 
Media  were  not  discussed,  other  than  to  define  goals.  The  critical  barriers  identified  for 
Resources,  Hazard,  and  Industrial  Processes  are  listed  below,  along  with  opportunities  for 
moving  the  research  forward.  A  more  complete  description  of  the  components  of  each  roadmap 
is  included  in  the  attached  spreadsheet. 

1 .  Resource 

•  Goal: 

o  Delivery  of  natural  gas,  liquids  from  GTE  (gas-to-liquids)  process,  or 
hydrogen 

•  Barriers: 

o  There  is  a  need  to  create  a  new  gas  hydrate  exploration  paradigm  that  goes 
beyond  hunting  for  BSRs. 

o  This  will  require  more  multidisciplinary  prospect  identification  and 
characterization,  using  diverse  geophysical  and  geological  methods  (cross- 
validation  of  interpretations). 

o  There  is  a  need  for  better  models  of  reservoir  performance  and  reserve 
characterization. 

o  Except  for  settings  like  the  GOM,  Gas  hydrates  are  affected  by  lack  of 
transportation  to  market  and  competition  from  the  co-located  conventional 
resource. 

o  In  North  America  Gas  Hydrate  has  to  compete  against  other,  more  favorably 
located,  non-conventional  resources. 

o  There  is  a  need  for  development  of  a  tailor-made  hydrate  technology 
(drilling,  completion,  etc.).  The  use  of  conventional  approaches  is 
unnecessarily  expensive. 

o  Technical  and  engineering  innovations  need  to  be  explored  that  would 
improve  the  competitiveness  of  Gas  Hydrate. 
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o  There  are  unrealistic  community  and  industry  expectations  for  immediate 
success. 

o  There  is  a  need  for  a  better  understanding  of  the  detailed  response  of  the 
reservoir  to  production  (reservoir  geotechnical  stability,  etc.). 

•  Opportunities: 

o  Technology  transfer  from  and  to  other  non-conventional  resources, 
o  Employ  new  technologies  and  tools  such  as  Autonomous  Underwater 
Vehicles  (AUV's)  etc.  to  improve  prospect  identification  and 
characterization. 

o  This  is  an  opportunity  for  a  very  big  R&D  win  by  improving  reservoir 
performance  (new  reservoir  paradigm). 

o  Fracturing  can  be  used  to  create  a  larger  artificial  surface  area  of  dissociation, 
o  Other  unconventional  resources  (such  as  heavy  oil)  face  some  issues  similar 
to  those  of  gas  hydrate.  There  is  an  opportunity  for  effective  communication 
of  barriers  to  these  other  potential  solution  providers. 

2.  Hazards  (Seafloor  and  Slope  Stability;  Drilling  and  Production  Effects;  Flow 
Assurance) 

•  Seafloor  and  Slope  Stability 

o  Goals: 

■  Safe  and  Sustainable  Marine  and  Polar  Operations 

■  Enhanced  Coastal  Zone  Security. 

■  Minimize  Environment  Impact, 
o  Barriers: 

■  Identifying  hydrate  occurrence  and  concentration,  as  a  function  of 
lithological  characteristics. 

■  Potential  interactions  with  natural  processes  (forcing  functions). 

•  Drilling  and  Production  Effects 

o  Goals: 

■  Minimize  Environment  Impact. 

■  Minimize  Cost  Impacts. 

■  Safe  operations, 
o  Barriers: 

■  Identifying  hydrate  occurrence  and  concentration,  as  a  function  of 
lithological  characteristics. 

■  Potential  interactions  with  anthropogenic  processes  (forcing 
functions). 

■  Inability  to  distinguish  the  hazard  attributed  to  gas  hydrate  versus  free 
gas  trapped  below  gas  hydrate. 

■  There  is  a  reporting  and  perception  gap,  with  possible  incidents  either 
unrecognized  as  being  hydrate-related  and/or  unreported  as  such. 

•  Flow  Assurance 
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■  Goals: 

■  Minimize  Environment  Impact. 

■  Reduce  cost  and  lost  time, 
o  Barriers: 

■  In  the  managed  risk  approach  are  there  barriers  (material  interactions, 
regulations)? 

■  The  lack  of  kinetic  models  is  a  barrier  to  managed  risk. 

■  There  needs  to  be  a  paradigm  shift  from  remediation  to  data  collection 
and  prevention. 

3.  Industrial  Processes  (including  Nanotechnology  and  Sequestration  of  Substances) 

•  Desalination  and  Water  Treatment 

o  Goal: 

■  More  cost  effective  and  environmentally  competitive  desalination 
processes 

o  Barrier: 

■  Business  Goals  may  not  be  compatible  with  collaboration. 

•  Dewatering 

o  Goal: 

■  More  cost  effective  and  environmentally  completive  dewatering 
processes 

o  Barrier: 

■  Business  Goals  may  not  be  compatible  with  collaboration. 

•  Gas  Separation 

o  Goal: 

■  More  cost  effective  and  environmentally  completive  gas  separation 
processes 

o  Barrier: 

■  Business  Goals  may  not  be  compatible  with  collaboration. 

•  Sequestration 

o  Goal: 

■  Reduction  of  Point  Source  CO2  emissions  to  the  atmosphere, 
o  Barriers: 

■  There  are  special  challenges  to  porous  media  sequestration. 

■  Kinetics 

■  Business  Goals  may  not  be  compatible  with  collaboration. 

■  Regulatory  Hurdles. 


•  New  Materials 
o  Goal: 

■  New  materials-based  products  and  processes 
o  Barriers: 
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■  Undefined  Applications 

■  Lack  of  Business  Sense  by  Scientists 

4.  Climate/Global  Change 

•  Goal: 

o  Understand  the  Mechanisms  and  Impacts  of  gas  hydrate  on  Global  Change. 

5.  Material  Storage  and  Transport  Media 

•  Goal: 

o  Cost-Effective  and  Safe  transportation  of  materials 

Note:  All  participants  provided  valuable  contributions  in  the  breakout  session.  In 
particular,  the  efforts  of  rapporteur  Brian  Rehard  (LMI  Government  Consulting)  and 
Kirk  Osadetz  (Geological  Survey  of  Canada)  are  especially  appreciated. 


E.  Discussions  Between  Sessions  1  &  4  -  Chairs  W.  Wood  (NRL)  and  A.  Johnson  (HEI) 

1 .  Theme  1  Summary  of  identified  knowledge  gaps,  barriers,  and  priorities  for  research 
and  collaboration  in  Methane  Hydrate  Resource  Characterization  and  Distribution 
(Warren  Wood). 

•  Gaps: 

o  Paucity  of  good  quality,  pertinent  field  observations 

o  A  means  of  remote  identification  and  quantification  for  gas  hydrate  other 
than  a  BSR 
o  Modeling? 
o  Laboratory? 

o  Geotechnical  behavior  of  hydrate  bearing  sediments 

•  Barriers: 

o  Cultural 

■  BSR’s 

■  Individual  Research  goals 

■  Lack  of  critical  mass 

■  Lack  of  consensus 
o  Logistics 

■  Funding/Cost 

■  Datasets  and  knowledge  are  limited  to  current  sites  being  studied 

■  Lack  of  industrial  involvement 

■  “Language  barriers”  between  science  and  industry 
o  Scientific 

■  Lab  samples  are  frequently  not  applicable  to  the  in  situ  environment 

■  Simulating  natural  gas  hydrates  in  the  lab  is  extremely  difficult. 
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■  Very  difficult  to  make  hydrologic  measurements  in  situ 

•  Solutions: 

o  Cultural 

■  Investigate  local  geology  in  gas  hydrate  formation 

■  Integrate  lab  experiments  with  models 

■  Link  research  efforts  and  activities  to  resource  potential 
o  Laboratory 

■  Standardize  methodology  for  creating  hydrates  in  the  lab  that  best 
simulates  the  natural  environment. 

o  Numerical 

■  Perform  detailed  hydrological  modeling 

■  Construct  and  manage  central  databases,  with  integration  and 
synthesis 

o  Field 

■  Dynamic  areas  require  long-term,  continuous  monitoring  stations 

■  Use  magnetic  imaging  to  identify  regions  of  gas  hydrate 

■  Investigate  sheer  wave  properties  of  hydrate  bearing  sediments 

■  Investigate  anisotropy  to  identify  discreet  features  for  enhanced 
permeability 

■  Perform  hydrologic  testing 

■  Use  instrumented  pressure  cores 

■  Use  AUV’s  for  targeted  surveys 

•  Capabilities  presented  in  Theme  1,  Day  2  Session  1 

•  Use  Roadmapping  to  identify  gaps,  and  implement  solutions 

2.  Theme  4  Gas  Hydrate  Futures  Roadmap  Summary  (Art  Johnson): 

•  Futures  Broken  down  into  Themes 

o  Resources 
o  Hazard 

o  Industrial  Processes 
o  Climate  Change 

o  Material  Storage  and  Transport  Media 

•  Goals/  Deliverables  Identified 

•  Each  Theme  Broken  down  into  categories 

o  Category  of  accumulation 
o  Prospect  of  opportunity 
o  Valuation 

o  Exploration  and  development 
o  Transportation/Logistics 

o  Linkages  (between  Scientific  Community  and  Industry) 
o  Barriers 
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o  Opportunities 

■  In  most  cases,  barriers  and  opportunities  are  the  same 

•  Examples  of  barriers/opportunities  identified  in  Roadmap: 

o  Cannot  image  hydrate  bearing  sands 
o  Low  hydrate  bearing  substrates 

•  General  Comments: 

o  Can  we  create  a  new  gas  hydrate  exploration  paradigm? 
o  Can  knowledge  gaps  identified  Theme  1  be  addressed  through  research  and 
“plugged  into”  Roadmap  to  remove  barriers? 
o  Different  approaches  to  hydrate  bearing  sands  vs.  mud  mounds,  vents,  and 
other  marine  gas  hydrates  (Fisheries/Forestries  Models) 


F.  Discussions  Between  Sessions  2  &  3  -  Chairs,  J.  Ripmeester  (NRC -Ottawa)  and  R. 
Colwell  (INL). 

1.  Identification  Matrix  for  Field  Studies  and  Projects  (that  might  be  opportunities  for 
collaborations)  (MS  Excel,  Table  1) 

•  Includes: 

o  Site 

o  Topic  Area 
o  Objectives 
o  Ongoing  Efforts 
o  Needs/Opportunities 
o  Archiving  Options 
o  Contact(s) 
o  Poster  Presented? 
o  Connected  Efforts 

•  Examples  of  Upcoming  Efforts  (with  varying  opportunities  for  collaboration): 

o  Chile  -Jan-Feb  2006 

o  GOM  Microbial  Observatory  RFP  -  June  2005 
o  New  Zealand  2006 
o  New  Zealand  2007 
o  New  Zealand  2008 

o  Hydrate  Ridge  -  Partially  funded;  needs  a  ship 
o  Cascadia  lODP  -  Sept-Oct  2005 

o  Cascadia  thermogenic  (Barkley  Canyon)  -  Ongoing  2006 
o  Japan? 

o  MARS  -  Monterey  Canyon;  lODP  (MBARI)  effort;  Bore  hole  test  facility 
o  VENUS  -  Late  2006;  Fraser  River  delta 
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o  HERMES  -  EU  (Cadiz  Canyon,  Storegga,  Haakon  Mosby  Mud  Slide, 
Mediterranean,  Nile  Delta,  Black  Sea,  and  others);  Started  April  2005;  4  year 
project 

•  Idealized  Sites  (Wish  List) 

o  Seafloor  Stability 

o  Resource  Characterization  and  Distribution 
o  Ecosystem  Health 
o  Kinetics,  Dissociation 
o  Biogeochemistry 

•  Theme  2  identified  ongoing  efforts  for  kinetics/biogeochemistry  studies 

o  lODP  Efforts 

o  MALIK  Effort  -  Makenzie  Delta;  Winter  2006-2007 

■  A  further  study  of  Malik  would  be  a  good  opportunity  for  supporting 
modeling  opportunities,  including  hydrate  production  at  the  micro  and 
macro  level.  Modelers  should  feed  data  needs  into  experimental 
program. 

•  Other  future  sites? 

•  Antarctica? 

•  Additional  tables  might  include: 

o  Technology,  tools,  sensors: 

■  Technology 

■  Objective 

■  Readiness 

■  Availability 

■  Contact 

■  Cost? 

o  Specially  designed  experimental  facilities 
o  Information  technologies,  databases 
o  Models 


2.  Linked  discussion  (data)  forum. 

•  Information,  literature 

•  New  results,  ideas 

o  Woods  Hole  has  a  large  on-line  database  that  can  be  used  for  data  sharing. 

•  Experimental  design 

o  It  is  important  to  get  engineer  input  on  data  needs  to  sensor  developers. 
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•  Collaborative  opportunities 

o  Forum  for  cross-disciplinary  discussions  is  missing.  A  web-base  discussion 
group  and  list  server  should  be  designed  to  facilitate  this  communication. 

•  Funding  opportunities 

3.  Sensor  Development 

•  Critical  to  development  of  sensors  are: 

o  Spatial  constraints 
o  Required  measurements 
o  Measuring  environment 

•  For  power  usage  reasons,  sensor  arrays  are  best  optimized  if  they  only  turn  on  based 
on  a  need  to  take  data. 

•  Distributed  sensors  arrays  for  continuous  pressure  and  temperature  would  be  useful. 

•  Wood’s  hole  presented  information  on  underwater  in-situ  chemical  sensing  and 
imaging  (e.g.,  mass  spec  units  that  could  measure  concentrations  of  methane 
(pmoles/liter)). 

V.  WORKSHOP  SUMMARY 

A.  Summary  of  the  Breakout  Topic  Discussions. 

The  4th  Workshop  on  International  Collaboration  on  Methane  Hydrate  Research  and 
Development  was  intended  to  facilitate  the  organization  of  field  and  laboratory  research 
collaborations  among  international  partners.  Workshop  presentations  and  discussions  through 
all  sessions  were  organized  to  enhance  the  discussion  of  knowledge  gaps  in  gas  hydrate 
research,  integrate  global  perspectives  on  methane  hydrate  research  themes  in  different  nations, 
and  initiate  plans  to  integrate  field  exploration,  laboratory  experiments,  and  theoretical 
modeling.  Discussions  and  planning  were  conducted  on  the  basis  that  new  funding  will  not 
develop  for  this  program  but  cost  and  technology  sharing,  associated  with  database  development 
under  the  different  national  focuses  could  enhance  each  interested  researcher’s  program  activity. 
There  were  four  general  topics:  1.)  methane  hydrate  resource  characterization  and  distribution; 
2.)  methane  hydrate  kinetics,  dissociation  and  biogeochemistry;  3.)  environmental  concerns 
including  seabed  stability  and  ecosystem  health,  and  4.)  future  development  of  methane  in 
hydrates  as  an  energy  source.  Sharing  in  this  effort  during  the  discussions  included  available 
data,  international  expertise,  methods  and  technology,  results  and  models.  The  workshop 
format  was  initial  discussion  of  the  four  themes,  individual  theme  breakout  discussions,  and 
integration  of  the  themes  for  concluding  remarks. 

The  open  discussions  during  the  breakout  sessions  introduced  detailed  information  about 
several  current  and  planned  hydrate  research  programs  that  was  shared  with  all  the  participants. 
This  information  provides  the  basis  for  establishing  new  collaborations.  The  concluding  plenary 
session  focused  on  establishing  an  effective  mechanism  to  sustain  the  interactions  that  were 
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developed  at  the  workshop,  and  provide  a  means  for  disseminating  new  information.  The  active 
projects  discussed  are  listed  below  with  lead  scientists  to  contact  for  further  discussion.  This 
summary  is  not  intended  to  provide  an  overview  of  research  by  all  scientists  in  this  field  and 
working  in  the  regions  mentioned.  Instead,  it  is  intended  to  provide  the  potential  for  researchers 
that  participated  in  the  workshop  to  expand  collaborations,  share  technology  and  platform 
support.  Regions  discussed  for  potential  collaboration  include,  the  Texas-Louisiana  Shelf  in  the 
Gulf  of  Mexico,  Cascadia  Margin  along  southwestern  Canada,  the  mid  Chilean  Margin,  several 
regions  off  western  Europe  and  the  coast  of  New  Zealand. 

The  general  consensus  for  future  development  of  international  methane  hydrate  research 
was  that  the  priorities  includes  resource  assessment,  environment  and  platform  hazards, 
industrial  processes,  climate  change,  material  storage  and  media  transport.  The  potential  for 
success  in  this  effort  is  sharing  the  current  activities,  knowledge  and  opportunities  in  scientific, 
industrial,  political,  social  and  economic  contexts.  The  international  plan  for  the  goals  of  the 
developing  program  needs  to  include  integration  of  the  national  deliverables,  sharing 
opportunities,  sharing  the  exploration  data  base,  forming  stronger  linkages  between  the 
scientific  and  industrial  communities.  An  international  broadcast  of  this  activity  could  provide 
effective  lobbying  with  government  and  industry  in  different  nations.  Success  of  this 
international  effort  would  result  in  the  formation  of  a  new  gas  hydrate  exploration  paradigm. 

With  the  development  of  an  international  program  there  is  a  broad  base  of  shared 
knowledge  gaps  on  scientific,  financial,  cultural  and  political  topics.  In  terms  of  science  and 
exploration  technology  there  is  paucity  of  quality,  pertinent  field  observations.  There  is  a 
limited  data  base  on  the  spatial  and  temporal  hydrogeology  of  methane  hydrate  bearing  systems. 
While  seismic  surveys  for  BSR  distributions  are  the  primary  approach  for  preliminary  hydrate 
surveys  it  has  been  well  established  that  hydrates  are  present  in  sediments  where  the  BSR  is  not 
detected.  There  is  a  strong  need  for  a  more  thorough  survey  of  the  diffusive  vs.  advective  flux 
in  sediments.  Surveys  need  to  address  the  changes  in  hydrate  systems  through  time  dependent 
thermal  regimes.  Models  for  seismic  velocity  to  predict  hydrate  content  in  sediments  need 
evaluation  for  application  to  fine  and  coarse  grain  variation.  Further  development  of  electric 
resistivity  coupled  with  the  seismic  surveys  could  enhance  the  capability  to  quantify  hydrate 
distributions.  Biogeochemical  influence  on  the  methane  hydrate  formation,  stability  and  cage 
occupancy  needs  more  basic  research.  Further  development  also  needs  to  include  understanding 
of  the  geotechnical  behavior  of  hydrate  bearing  sediment  in  terms  of  sediment  strength, 
dynamics  and  statics.  There  is  also  a  need  for  interaction  between  field  programs  and  laboratory 
research,  since  the  results  from  laboratory  experiments  are  not  always  applicable  to  natural 
environments.  This  occurs  because  simulation  of  natural  gas  hydrate  in  the  lab  is  extremely 
difficult,  and  hydrologic  measurements  are  difficult  to  obtain  in  situ.  Standardized  laboratory 
methods  will  help  to  compare  the  experimental  data  base. 

A  major  limitation  in  the  field  program  for  methane  hydrate  exploration  is  the  sampling 
techniques  for  in  situ  data  acquisition.  In  situ  pressure  cores  would  provide  samples  for 
thorough  physical,  chemical  and  biological  parameters.  Analytical  instruments  on  the  pressure 
cores  would  further  advance  the  in  situ  data  base.  There  is  a  need  to  test  and  calibrate  new 
seismic  survey  tools.  This  effort  could  provide  better  3-D  mapping  and  initiation  of  4-D 
mapping  of  hydrate  distributions.  A  need  stated  during  discussions  included  investigation  of 
shear  wave  properties  of  hydrate  bearing  sediments,  as  a  means  to  determine  anisotropic 
variation  in  the  sediment  permeability.  Long  term  surveys  at  monitoring  stations  in  dynamic 


67 


regions  with  in  situ  data  acquisition  will  start  to  access  variations  in  methane  fluxes  and  hydrate 
bed  stability. 

Many  programs  in  methane  research  are  undermanned  and  do  not  have  a  critical  mass  to 
address  multidisciplinary  research  questions.  There  are  strong  “language  barriers”  between  the 
science  and  industrial  communities.  Biases  on  individual  national  goals  will  impede  the 
international  development.  The  international  development  of  this  topic  needs  to  combine 
consensus  in  the  research  focus  and  priorities.  An  increase  in  the  international  collaboration 
will  increase  the  necessary  critical  mass.  Specific  approaches  for  enhancement  of  the 
international  collaboration  that  were  presented  during  the  discussions  included  comparisons  of 
local  geology  in  the  gas  hydrate  formation,  an  integration  of  laboratory  experiments  with 
models,  and  a  combination  of  the  applied  methane  hydrate  exploration  with  basic  science  topics. 
Experiments  and  field  sampling  needs  to  be  designed  to  obtain  data  that  addresses  the  temporal 
aspects  of  hydrate  stability,  hydrate  physical  property  parameter  changes  during  formation  and 
destabilization,  biological  cycling  of  methane  and  the  result  of  methane  flux  into  the  water 
column  and  atmosphere. 

B.  Current  and  Future  Sites  for  Methane  Hydrate  Collaboration. 

1.  Cascadia  Margin: 

The  region  off  Vancouver  Island  is  one  of  the  most  comprehensively  studied  gas  hydrate 
occurrences  in  the  world.  The  presence  of  gas  hydrates  at  depth  in  the  sediment  and  at  the  sea 
floor  is  well  established  from  previous  research  over  the  past  1 5  years  at  the  northern  Cascadia 
Margin.  Seismic  surveys  have  shown  the  general  distribution  of  hydrates  over  the  area,  as 
indicated  by  the  presence  of  a  bottom  simulating  reflector  (BSR).  The  vertical  distribution  has 
also  been  studied  at  selected  sites  of  high-density  survey  grids,  and  at  locations  of  drilling  sites 
of  the  Ocean  Drilling  Program  Leg  146.  Other  geophysical  studies  were  carried  out  including 
piston  coring  and  related  physical  property  and  geochemistry  studies,  heat-flow  studies,  and 
bottom  video  observations.  The  occurrence  of  hydrates  is  related  to  the  hydrothermal  fluid  flow 
in  the  accretionary  prism,  and  to  the  geological  structure  of  the  sediments  within  the  hydrate 
stability  zone. 

There  are  two  areas  within  the  margin  where  extensive  collaborative  research  is  being 
done  at  present.  The  Barkley  Canyon  hydrate  site  was  discovered  and  studied  during  a  series  of 
three  collaborative  research  cruises  between  UVic  (R.  Chapman)  and  NRL  (R.  Coffin)  that  used 
the  ROPOS  submersible  to  survey  the  site  and  characterize  the  geochemistry  of  the 
hydrocarbons.  The  site  is  a  small  plateau  about  1  square  km  and  850  m  deep  on  the  north  wall  of 
Barkley  Canyon,  a  submarine  canyon  about  100  km  off  the  west  coast  of  Vancouver  Island. 
The  site  consists  of  several  hydrate  outcrops  clustered  within  a  few  10s  of  metres  of  the  central 
location.  The  hydrate  is  exposed  as  sheets  up  to  8  m  long  on  the  sea  floor,  and  on  the  flanks  of 
thinly-sedimented  mounds  about  2-3  m  high.  The  sediment  is  primarily  very  fine  grain  silty 
mud.  Near  the  mounds  the  sediment  contains  gas,  quantities  of  light  oil,  and  small  hydrate 
fragments,  and  there  is  evidence  of  episodic  gas  emission.  The  seep  supports  extensive  colonies 
of  chemosynthetic  communities  consisting  of  several  species  of  vesicomyid  clams  clustered 
around  the  hydrate  mounds.  Thin  bacterial  mats  cover  large  portions  of  the  hydrates  and 
sediment  on  most  of  the  mounds. 
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Our  results  from  the  initial  survey  and  a  subsequent  visit  in  2003  indicate  that  the  site  is 
a  highly  localized  thermogenic  gas  and  hydrocarbon  seep.  The  Barkley  Canyon  hydrates  are 
unique  compared  to  hydrates  recovered  from  shallow  (8  m)  piston  cores  at  other  sites  nearby  in 
the  northern  Cascadia  Margin  and  from  Hydrate  Ridge  farther  south  off  Oregon,  which  are 
primarily  of  microbial  origin. 

In  addition,  the  Barkley  Canyon  site  is  one  of  the  nodes  for  the  Neptune  Canada  sea 
floor  cable  program.  The  site  will  be  instrumented  for  long  term  study  of  the  hydrate  system. 
NEPTUNE  provides  the  opportunity  to  investigate  two  fundamental  research  hypotheses  about 
the  formation  of  hydrates  in  this  region: 

•  Hydrates  form  at  the  seafloor  in  areas  of  high  fluid  or  gas  flux,  which  implies  that 
local  high-permeability  conduits  focus  the  methane  supply. 

•  In  regions  of  low  diffuse  fluid  and  gas  flux,  hydrate  is  concentrated  near  the  BSR 
and  decreases  toward  the  seafloor. 

These  hypotheses  are  expanded  into  science  questions: 

•  What  factors  control  the  formation  and  dissociation  of  hydrate  at  depth  in  the 
sediment  and  at  the  sea  floor? 

•  What  is  the  response  of  the  hydrate  system  to  periodic  temporal  variations  in  the 
bottom  environment,  and  to  episodic  events  caused  by  tectonic  forces? 

•  What  is  the  flux  of  methane  and  other  hydrocarbons  at  the  sea  floor? 

•  What  are  the  relationships  with  microbial  processes  in  the  sediment  and  in  the  water 
column? 

The  other  area  of  interest  is  near  ODP  site  889  that  was  drilled  in  1992.  Most  recently, 
the  lODP  drilling  program  supported  Expedition  311  to  further  constrain  the  models  for  the 
formation  of  marine  gas  hydrate  in  subduction  zone  accretionary  prisms.  The  objectives 
included  characterizing  the  deep  origin  of  the  methane,  its  upward  transport,  its  incorporation  in 
gas  hydrate,  and  its  subsequent  loss  to  the  seafloor.  The  main  attention  of  this  expedition  was  on 
the  widespread  seafloor-parallel  layer  of  dispersed  gas  hydrate  located  just  above  the  base  of  the 
predicted  stability  field. 

The  expedition  included  coring  and  downhole  measurements  along  a  transect  of  four 
sites  across  the  Northern  Cascadia  accretionary  prism.  The  sites  will  track  the  history  of 
methane  in  an  accretionary  prism  from  (1)  its  production  by  mainly  microbiological  processes, 
(2)  its  upward  transport  through  regional  or  locally  focused  fluid  flow,  (3)  its  incorporation  in 
the  regional  hydrate  layer  above  the  BSR  or  in  local  concentrations  at  or  near  the  seafloor,  (4) 
methane  loss  from  the  hydrate  by  upward  diffusion,  and  (5)  methane  oxidation  and 
incorporation  in  seafloor  carbonate,  or  expulsion  to  the  ocean.  An  additional  Site  is  planned 
within  an  active  cold  vent,  near  former  ODP  Site  889,  to  characterize  an  environment  of  focused 
fluid  flow  associated  with  near-seafloor  massive  gas  hydrate  deposits  and  seafloor  carbonate 
formations. 

This  expedition  builds  on  the  previous  Cascadia  gas  hydrate  drilling  of  ODP  Leg  146 
and  on  more  recent  ODP  Leg  204  off  Oregon.  Important  experiments  for  this  expedition 
include,  (1)  logging- while-drilling  (LWD),  (2)  wire- line  logging,  (3)  intensive  coring  and  sub- 
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sampling,  and  (4)  pressure  core  sampling  (PCS/HYACINTH)  of  gas  hydrate,  and  fluid  recovery 
under  in  situ  conditions. 

Point  of  contacts  for  further  information  on  this  activity  include  Ross  Chapman 
(University  of  Victoria,  chapman@uvic.ca),  and  Richard  Coffin  (NRL, 
rcoffin@ccs.nrl.navy.mil). 

2.  Mid  Chilean  Margin; 

An  international  collaboration  for  hydrate  exploration  has  been  further  developed 
through  planning  at  previous  workshops.  During  2003  and  2004  two  methane  hydrates  surveys 
were  accomplished  along  the  mid  Chilean  coast.  For  this  research  there  was  participation  by 
scientists  from  5  nations.  Scientists  from  The  Catholic  University  of  Valparaiso,  Naval 
Research  Laboratory,  Canadian  Geological  Survey,  University  of  Toronto,  University  of  Tokyo, 
AIST  Tskuba,  Virginia  Institute  of  Marine  Science  Rice  Unviresity,  Milbar  Hydrotest,  Inc., 
University  of  Concepcion  and  University  of  Bremen  participated  in  the  two  expeditions. 
Geophyscial,  geochemical  and  biological  parameters  were  integrated  on  the  two  cruises.  This 
research  is  focused  on  the  NRL  objectives  to  develop  international  collaboration  on  methane 
hydrate  exploration  and  Chile-FONDEF  goals  to  locate  hydrates  along  the  Chilean  coast  in 
terms  of  distribution  and  methane  content  for  understanding  the  available  energy  and  geological 
hazards.  This  effort  integrates  future  energy  exploration  with  ocean  and  climate  research  topics. 

Piston  coring,  heat  flow  and  biological  sample  sites  were  selected  in  two  regions  on  the 
basis  of  previous  seismic  surveys  during  April  2003  and  work  conducted  by  scientists  at  the 
University  of  Concepcion.  The  coring  and  heat  flow,  along  the  previous  NRL  seismic  line 
(DTAGS),  was  run  between  36’10.38S,  73’35.72W  and  36’12.50S,  73’3976W.  Sulfate,  sulfide, 
methane,  chloride,  and  DIC  profiles  in  piston  core  pore  water  samples,  heat  flow  data  and 
seismic  profiles  were  combined  to  confirm  the  presence  of  hydrates  in  this  region.  An 
additional  sample  region  was  selected  at  the  base  of  a  40  meter  sub-sea  mound  located  at 
36’22S,  73’43W  where  biologists  from  University  of  Concepcion  had  located  large 
concentrations  of  benthic  organisms. 

Along  the  previous  DTAGS  line,  the  selection  of  piston  coring  and  heat  flow  sites  was 
based  on  a  review  of  previously  collected  seismic  data.  Selection  included  regions  with  strong 
shallow  and  deep  BSRs  and  regions  through  gas  wipe  out  zones.  There  was  a  strong  correlation 
between  the  heat  flow  and  piston  core  data.  In  the  gas  wipe  out  regions,  high  heat  flow  values 
were  observed.  The  piston  core  profiles  through  these  regions  were  found  to  have  extremely 
shallow  slopes  for  the  methane  and  sulfate  profiles  with  minimum  values  measured  between  25 
and  250  cm.  The  deepest  geochemical  profile  was  measured  at  the  top  of  the  BSR  with 
transition  to  minimum  values  observed  at  approximately  700  cm.  The  combination  of  the  heat 
flow  and  piston  core  data  suggest  a  strong  vertical  migration  of  methane  from  deep  sediments  at 
site  where  seismic  data  indicate  a  gas  wipe  out  and  possible  perturbation  of  the  BSR. 

Another  objective  in  during  this  cruise  was  the  integration  of  geochemical  data  with  the 
biological  communities  over  the  methane  hydrate  sediment  regions.  Recent  benthic  surveys  in 
the  bathyal  area  off  Concepcion  revealed  important  clues  indicating  the  existence  of  methane 
seepage  and  related  biological  chemosynthetic  communities  (Sellanes  et  al.  in  press).  Shell 
fragments  of  two  species  of  bivalves  of  the  genus  Calyptogena  (VESICOMYIDAE)  and  one 
species  of  Acharax  (SOLEMYIDAE)  were  retrieved  in  two  dredge  hauls  off  Concepcion 
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(36°21.46’S  73°44.08’W,  water  depth  934  m,  and  36°16.40’S,  73°40.70’,  651  m).  An  important 
quantity  of  carbonate  crusts  were  also  collected,  indicating  that  anaerobic  oxidation  of  methane 
is  occurring.  The  accompanying,  non-obligate  chemosynthetic  fauna  from  one  of  the  hauls  was 
very  diverse,  containing  several  species  apparently  new  to  science.  The  geochemical  data 
collected  from  this  region  found  shallow  profiles  for  methane  and  sulfate.  Hydrate  samples 
were  obtained  through  one  of  the  cores  at  the  base  of  this  mound.  On  board  hydrate  gas  analysis 
resulted  in  a  conclusion  that  the  hydrates  are  from  biogenic  origin.  Again  there  were  no  large 
sulfide  profiles  in  this  region. 

Final  data  interpretation  will  be  completed  with  a  survey  of  additional  parameters  in  the 
laboratory.  Geochemical  and  biogeochemical  parameters  will  include  stable  carbon  and 
radiocarbon  isotope  analysis  of  a  variety  of  carbon  pools  to  address  the  biological  cycling  of 
methane.  Microbial  community  diversity  and  analysis  of  low  molecular  weight  acids  will  assist 
in  this  study.  With  regard  to  organisms  collected  in  trawls  at  the  sediment  water  column 
interface,  it  is  expected  that  the  species  assemblages  associated  with  cold  seepage  off  Chile  are 
similar  in  structure  to  others  reported  elsewhere,  but  should  bear  an  important  number  of 
endemic  species,  many  of  them  still  unknown  to  science.  Stable  C  and  N  isotopic  signatures  of 
the  fauna  will  also  be  analyzed  in  order  to  determine  the  extent  of  the  reliance  of  heterotrophic 
benthos  in  primary  production  derived  from  chemosynthesis. 

Data  collected  from  this  survey  will  be  used  to  stage  subsequent  research  topics  and 
focus  areas  in  this  region.  The  next  research  cruise  is  planned  for  January-February  2007. 
Points  of  contact  for  collaborative  research  plans  are  Dr.  Juan  Diaz  (idiaz@ucv.clT 

3.  Coast  of  New  Zealand: 

The  Hikurangi  Margin  offshore  of  New  Zealand’s  east  coast  is  an  active  continental 
margin  where  the  Pacific  Plate  is  being  subducted  beneath  the  Australian  Plate.  Its  geologic 
similarity  to  the  Nankai  Trough,  Japan’s  focus  area  for  future  production  of  gas  from  hydrates, 
combined  with  its  proximity  to  major  population  centers  (Auckland,  Wellington),  make  this 
margin  the  most  promising  gas  hydrate  province  off  New  Zealand  for  possible  future  gas 
extraction.  Ubiquitous  BSRs  indicate  wide-spread  presence  of  gas  hydrates  over  a  large  area. 
The  strong  variability  of  BSR  strength  suggests  locations  of  focusing  of  gas  supplied  into  the 
gas  hydrate  zone,  a  key  requirement  for  the  formation  of  gas  hydrate  “sweet  spots”,  areas  of 
highly  concentrated  hydrate.  A  state-of-the-art  seismic  transect  was  acquired  by  GNS  in  2005 
with  the  MW  “Pacific  Titan”  across  several  candidates  for  such  “sweet  spots”. 

The  current  plan  is  for  June  2006,  during  which  an  interdisciplinary  field  exploration 
will  be  carried  out  in  the  region  176°  30’E  -  39°30’S  S  to  178°30’E  -  41°00’S  off  the  north¬ 
eastern  coast  of  New  Zealand  on  the  Hikurangi  Margin.  In  this  effort  different  geophysical  and 
geochemical  methods  will  be  applied  for  the  detection  and  characterization  of  gas  hydrates. 
Technical  capability  for  this  project  will  be  mixed  with  expertise  from  New  Zealand,  UK, 
Germany,  Australia  and  the  US.  The  result  of  this  experiment,  together  with  the  compilation  of 
previous  information  will  initiate  characterization  of  gas  hydrates  in  this  region.  The  fact  that 
this  project  depends  on  the  collaboration  of  foreign  research  centers  and  experts,  means  an 
invaluable  exchange  of  technological  information  useful  for  the  resource  exploration  in  the  New 
Zealand  coast.  This  collaborative  study  will  focus  on  several  “sweet  spot”  candidates  along  the 
PT05  transect.  During  these  cruises  geochemical  methods  and  heatflow  probing  will  be  applied 
for  the  detection  and  characterization  of  gas  hydrates.  Geochemical  analysis  will  include  the 
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sediment  carbon  content,  porewater  methane  concentrations,  vertical  pore  water  sulfur 
speciation  gradients,  and  carbon  isotope  analysis  of  carbon  pools  related  to  the  hydrate 
formation,  lattice  saturation  and  content.  In  addition  to  the  work  in  the  sediment  methane  and 
hydrocarbon  leakages  from  hydrate  reservoirs  that  are  exposed  towards  the  ocean  floor  and 
consequences  for  the  ocean  carbon  balance,  including  chemical  and  biological  conversion  will 
be  studied.  This  will  be  compared  to  corresponding  rates  of  methane  leakage  to  the  atmosphere. 
Heatflow  will  be  conducted  for  prediction  of  the  vertical  fluid  flow.  Preliminary  exploration  is 
Research  objectives  for  the  Hikurangi  Margin  include: 

•  Quantify  heat,  fluid,  and  solute  flux  in  and  around  possible  concentrated  gas  hydrate 
deposits  using  a  combination,  thermal  measurements,  and  geochemical  analyses  of 
sediment  cores. 

•  Determine  the  source  and  migration  paths  of  gas  for  gas  hydrate  formation  via 
seismic  imaging  combined  with  elemental  isotope  analysis  on  sediments, 
geotechnical  laboratory  studies,  and  reservoir-style  modeling. 

•  Initiate  genetic  characterization  of  the  microbial  assemblage  in  hydrate-laden 
sediments. 

Current  participants  in  research  off  Hikurangi  Margin  include: 

•  Institute  of  Geological  and  Nuclear  Sciences  (Lower  Hutt,  New  Zealand), 

•  Naval  Research  Laboratory  (Washington,  DC,  Stennis  Space  Center,  USA) 

•  Commonwealth  Scientific  and  Industrial  Research  Organisation  (Perth,  Australia) 

•  University  of  Hawaii  (Honolulu,  USA) 

•  University  of  Otago  (Dunedin,  New  Zealand) 

Point  of  contacts  for  further  information  on  this  activity  include:  Ingo  Pecher  (GNZ, 
i.pecher@gnz.nz).  Richard  Coffin  (NRL,  rcoffin@ccs.nrl.navv.mil)  and  Warren  Wood  (NRL, 
warren.wood@nrl.navv.mil). 

4.  Texas-Louisiana  Shelf: 

The  northern  Gulf  of  Mexico  contains  conditions  suitable  for  gas  hydrate:  appropriate 
pressures  from  continental  slope  water  depths,  moderate  thermal  gradients  typical  of  continental 
margins,  and  abundant  methane  from  a  well-known  leaky  petroleum  system.  Two  sites  have 
been  surveyed  for  methane  hydrate  distribution  and  intensity,  Atwater  Valley  and  Keathley 
Canyon.  In  support  of  the  Chevron-Texaco  JIP  (CT)  for  methane  hydrate  exploration  two 
research  cruises,  lead  by  NRL  and  USGS,  were  designed  to  assist  in  selection  of  the  deep 
drilling  test  site.  These  cruises  integrated  seismic  surveys  by  USGS  (D.  Hutchinson)  with 
heatflow  probing  and  geochemical  analysis  of  shallow  pore  waters  to  predict  deep  sediment 
hydrate  distribution.  A  multidisciplinary  study  involving  government  agencies,  industry,  and 
academia,  has  collected  2D  and  3D  multichannel  seismic  reflection  data,  made  heat  flow 
measurements,  and  analyzed  geochemical  constituents  in  piston  cores  in  order  to  understand  the 
subsurface  distribution,  behavior,  and  seismo-stratigraphic  indicators  of  gas  hydrate. 

The  research  outlined  in  this  proposal  is  designed  to  enhance  the  geochemical  and 
heatflow  analysis  of  Atwater  Valley  and  Keathley  Canyon,  contribute  to  basic  research  on  the 
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biogeochemical  influence  on  methane  cycling  and  provide  background  data  for  the  CT  drilling 
in  this  region.  Development  of  the  geochemical  and  heatflow  data  set  and  comparison  with  the 
deep  well  drilling  is  designed  to  provide  a  thorough  approach  for  preliminary  site  surveys,  prior 
to  site  selection  of  drilling  sites.  Research  is  planned  to  accomplish: 

1 .  Further  calibration  of  piston  coring,  heat  flow  and  seismic  data  for  prediction  of  deep 
sediment  methane  hydrate  beds.  Data  from  previous  cruises  and  work  outlined  in  the 
proposal  will  be  compared  with  the  Chevron-Texaco  deep  drilling  to  assist  in 
understanding  the  variation  in  the  seismic  and  geochemical  data. 

2.  Increase  data  set  for  interpretation  of  the  Chevron-Texaco  deep  drilling  on  Atwater 
Valley  and  Keathley  Canyon. 

3.  Provide  geochemical  interpretation  of  data  collected  in  bathymetric  mapping  and 
DTAGS  surveys  during  February  2005  (Gardner,  Gettrust  and  Wood,  NRL  DC  and 
Stennis). 

4.  Contribute  to  the  understanding  of  biogeochemical  influence  on  methane  cycling 
(production  and  oxidation). 

Future  plans  for  subsequent  research  at  this  location  are  underway  and  open  for  sharing 
collaborative  research  plans.  Researchers  interested  in  collaborating  in  research  at  this  location 
should  contact  Dr.  Richard  Coffin  (rcoffin@ccs.nrl.navv.mill  or  Dr.  Warren  Wood 
(warren.wood@nrlssc.navv.mill. 

C.  Overview  of  International  Field  Research  and  Survey  Integration  Approaches. 

Assessment  of  the  gas  hydrate  bearing  sediment  volume  has  been  made  using  various 
techniques  including  seismic  surveys,  well  logging,  electromagnetic  surveys,  geochemical 
investigations,  and  vertical  fluid  flow  predictions  using  temperature  gradients.  Chloride 
anomalies  in  interstitial  water  are  believed  to  be  a  reliable  method  of  estimating  gas  hydrate 
amounts  on  small  geographic  scales,  as  documented  during  Ocean  Drilling  Program  (ODP)  leg 
164.  Broad  site  evaluations  are  accomplished  with  seismic  surveys.  Seismic  surveys  have 
developed  over  the  last  40  years  for  observation  of  bottom  simulating  reflector  (BSR)  and  the 
corresponding  methane  hydrate  distribution.  Subsequently,  single  and  multichannel  seismic 
measurements  have  been  performed  to  elucidate  the  relationship  between  BSR  and  hydrate 
reservoirs  and  to  estimate  the  extent  of  these  reservoirs. 

Vertical  seismic  profiling  in  areas  including  the  Cascadia  Margin  and  Blake  Ridge,  have 
been  supported  by  deep  sea  drilling  activity.  Recent  integration  of  geophysical  and  geochemical 
data  for  coastal  methane  hydrate  exploration  demonstrate  an  inconsistency  in  data  sets  for  the 
identification  of  hydrates  in  sediments.  Regions  with  strong  “wipe  out”  zones  do  not 
correspond  with  shallow  sulfate-methane  interfaces  and  shallow  sulfate-methane  interfaces  are 
found  in  regions  that  the  BSR  is  not  found.  These  data  sets  show  the  need  for  more  thorough 
geophysical  and  geochemical  parameter  integration  for  hydrate  exploration.  The  following  text 
is  an  overview  of  current  approaches  that  is  being  conducted  by  the  workshop  attendees: 
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1.  Seismic  Survey  Approaches  -  Seismic  approach  in  this  summary  are  presented  in 
terms  of  the  NRL  Advanced  Research  Initiative  in  methane  hydrate  exploration.  The 
existence  of  seafloor  seeps  has  been  known  for  many  decades  because  their  seafloor 
manifestations  can  be  easily  identified  on  a  variety  of  acoustic  and  seismic  mapping 
systems.  However,  to  determine  the  importance  (acoustically,  chemically,  and 
biologically)  of  these  methane  conduits  and  reservoirs  to  the  local  and  global 
environment  requires  an  understanding  of  1)  the  quantities  of  methane  present;  2)  how  it 
is  distributed  around  the  seep;  3)  the  magnitude  of  methane  flux  through  the  seafloor; 
and  4)  how  quickly  the  quantities,  distribution,  and  flux  may  change  in  the  event  of 
stimuli  such  as  changes  in  temperature,  pressure,  or  hydrologic  head  gradient. 

Historically,  obtaining  accurate  observations  has  been  difficult  due  to  1)  the 
remote  nature  of  the  hydrate  seeps,  (typically  in  water  deeper  than  500m),  2)  the  strong 
lateral  variability  of  the  seeps,  which  is  frequently  larger  than  the  uncertainty  in  the 
position  of  the  observing  platform  (ship  or  ROV);  and  3)  the  large  and  complex  affect  of 
gas  and  precipitate  on  acoustic  signals.  Further,  because  the  hydrology,  chemistry  and 
physics  of  these  systems  are  so  inter-related,  there  does  not  yet  exist  a  single, 
comprehensive,  numerical  model  that  is  sufficient  to  predict  the  distribution  of  methane 
and  methane  hydrate  at  seafloor  seeps. 

Summary  of  NRL  Science  Objectives 

We  seek  to  understand  the  mechanisms  and  habits  of  methane  emplacement  at 
seafloor  seeps  through  detailed  seismic,  thermal,  chemical  and  biological  constraints  on 
numerical  simulations  of  methane  flux.  Because  of  the  strong  affect  of  gas  on  acoustic 
wave  propagation,  DTAGS  seismic  imaging  constrains  the  spatial  extent  of  gas  with  an 
accuracy  of  l-2m  over  scales  of  100s  of  meters  vertically  and  laterally.  In  a  methane 
hydrate  system,  the  gas/no-gas  boundary  can  frequently  be  used  to  infer  the  broad  scale 
(10s  to  100s  of  meters)  thermal  regime  within  the  sediment.  Individual  thermometry 
measurements  not  only  aid  the  constraint  of  the  thermal  regime  but  also  constrain  the 
fluid  flux.  The  thermal  gradients  over  the  seep  constrain  the  heat  flux  that,  with 
knowledge  of  the  fluid  temperature  and  heat  capacity,  can  be  used  to  determine  the 
overall  fluid  flux.  Combining  the  temperature,  pressure,  and  fluid  flux  throughout  the 
system  with  methane  solubility  yields  constraints  on  methane  transport  from  the 
sediment  to  the  ocean.  The  methane  flux  is  also  constrained  by  direct  chemical 
measurements  of  methane  in  cores,  or  more  frequently,  sulfate  gradients  that  indicate  the 
depth  to  methane  in  the  system.  Measurements  of  the  micro-biota  within  local  reservoirs 
of  methane  gas  and  hydrate  will  constrain  the  styles  and  rates  of  production  and 
consumption  of  methane  in  its  various  stages  of  flux  and  residence  in  the  seep  system. 
The  NMR  measurements,  by  detecting  the  amount  of  liquid  water  in  a  given  sample  (and 
how  that  changes  as  any  hydrate  in  the  sample  dissociates)  constrain  the  hydrate 
concentration  within  a  sample,  and  where  the  hydrate  is  forming  within  the  sediment 
pores,  (important  for  how  the  hydrate  affects  the  sediment  acoustics) 

Although  several  seep  sites  have  been  studied  in  detail  with  many  techniques, 
some  similar  to  the  ones  we  have  used  and  plan  to  use,  we  know  of  no  sites  where 
measurements  of  such  detail  have  been  brought  together  comprehensively  with  the 
hydrology  to  quantify  the  methane  emplacement  and  flux  through  the  seafloor. 
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NRL  Approach:  Observations  as  Constraints  on  Numerical  Models 

The  development  of  a  completely  new  model  was  considered  beyond  the  scope 
of  the  current  ARI.  Therefore,  we  intend  to  achieve  the  modeling  objectives  by  breaking 
the  problem  into  smaller,  tractable  problems  Two  approaches  to  modeling  are  currently 
being  used,  a  more  standard,  finite  element  package,  and  a  more  developmental 
technique  based  on  lattice  gas.  The  finite  element  code  SUTRA,  developed  by  the  USGS 
has  been  used  in  preliminary  modeling  of  fluid  conduits  to  determine  the  extent  to  which 
heat  transport  via  fluid  advection  perturbs  the  methane  hydrate  stability  zone.  In  this 
work  the  seismic  image,  due  to  its  acute  sensitivity  to  gas,  is  used  to  constrain  the  extent 
of  gas  below  the  seafloor.  In  some  cases  this  gas  boundary  marks  the  interface  between 
free  gas  and  methane  hydrate,  and  can  be  used  to  identify  the  PT  boundary  associated 
with  the  base  of  methane  hydrate  stability.  The  lattice  gas  technique  generates  3-D 
simulations  of  methane-pore  water  flux  through  complex,  micro-scale  media,  thus 
modeling  the  faults  and  conduits  observed  in  sediments. 

Time  Dependence  -  There  is  a  great  deal  of  evidence  to  suggest  that  nearly  every 
measurable  quantity  at  seeps  is  time  dependent  on  one  or  more  time  scales.  The  timing 
of  our  measurements  is  intended  to  mitigate  the  time  dependence,  but  time  dependence 
but  be  considered  in  the  final  interpretation.  The  low  thermal  diffusivity  of  saturated 
sediment  works  to  smooth  out  the  decadal  and  shorter  scale  temporal  variations  in  the 
isotherms  affecting  the  base  of  gas  hydrate  stability.  Only  small  (<IOs  of  meters) 
perturbations  may  occur  over  short  (years)  time  intervals.  The  highly  localized  thermal 
and  chemical  measurements  should  be  acquired  as  close  in  time  as  possible  to  mitigate 
the  temporal  variability.  A  series  of  measurements  at  a  single  site  would  certainly  aid  our 
understanding  of  emplacement  mechanisms,  but  because  the  ARI  was  proposed  with  a 
single  field  effort,  no  attempt  has  been  made  to  include  a  series  of  measurements 
(requiring  multiple  mobilizations)  at  a  single  site  over  a  period  of  time. 

Contribution  from  High  Resolution  Seismic  (DTAGS)  -  For  almost  two  decades 
NRL  has  maintained  a  unique  deep-tow  seismic  capability.  The  Deep-Towed 
acoustics/Geophysics  System  (DTAGS)  provides  high  resolution  (~2-3  m)  images  of  the 
seafloor  that  provide  outstanding  constraints  for  modeling.  The  high  vertical  resolution 
results  from  the  200-1000  Hz  source  (whose  signature  remains  constant  in  any  water 
depth)  and  the  high  lateral  resolution  results  from  towing  the  system  only  a  few  hundred 
meters  off  the  seafloor,  even  in  water  depths  of  several  km. 

The  value  of  the  seismic  data  in  studying  gas  hydrate  is  several  fold.  Seismic 
images  show  faults  (identifiable  by  disjoint  layering),  where  fluid,  heat,  and  methane  flux 
are  most  likely,  as  well  as  free  gas  accumulations  within  the  sediments,  constraining  the 
equilibrium  hydrate  stability  boundary.  The  image  can  also  shows  features  in  the  section 
such  as  basement  highs  or  buried  relict  conduits  that  may  have  significant  effects  on  the 
interpretation  (and  modeling)  of  the  chemistry  and  temperatures  measured  at  the  seafloor. 
Further,  the  image  can  provide  information  on  the  seafloor  reflectivity  (within  the 
wavelengths  used)  constraining  the  extent  of  such  phenomena  as  carbonate  pavements  or 
debris  fields.  In  addition  to  the  image  the  multichannel  nature  of  the  DTAGS  data  can  be 
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used  to  constrain  sediment  sound  speed  velocities,  diagnostic  indicators  of  gas  and  gas 
hydrate. 

2.  Geochemical  Evaluation  -  Although  seismic  surveys  are  a  common  approach  for 
evaluation  of  marine  hydrate  distribution,  the  target  phase  (solid  hydrate)  is  not  sensed 
directly,  but  is  inferred  by  the  presence  of  a  BSR.  Complementary  analysis  of 
biogeochemical  and  seismic  data  is  being  evaluated  to  assist  in  the  survey  of  sediment 
gas  hydrate  deposits.  Ninety  percent  of  methane  generated  in  anoxic  marine  sediments  is 
removed  through  the  anaerobic  oxidation  of  methane  (AOM)  in  shallow  sediments  (3-15 
m)  by  a  syntrophic  consortium  of  methanogenic  archaea  and  sulfate  reducing  bacteria 
(SRB).  Evaluation  of  subsurface  gas  hydrate  based  on  shallow  sediment  geochemical 
gradients  of  AOM  metabolites  (i.e.,  sulphate  and  methane  profiles)  is  based  on  the 
assumption  that  the  gradients  are  related  to  migration  of  gas  from  a  deep  seated  (200- 
400m)  gas  hydrate  reservoir.  For  this  approach  sulfate  profiles  from  piston  core 
porewater  samples  are  surveyed  to  determine  AOM  in  shallow  sediments.  The  AOM 
occurs  through  the  following  reaction: 

CH4  +  SOT^  ^  HCOs'  +  HS' 

This  process  occurs  in  sediments  at  the  SMI  where  downward  diffusing  seawater  sulfate 
encounters  dissolved  methane  diffusing  or  advecting  upward.  Above  this  location, 
sulfate  concentrations  increase  to  seawater  concentrations  at  the  sediment-water 
interface,  while  below,  methane  concentrations  increase  due  to  on-site  methanogenesis 
or  diffusion  and  advection  from  deeper  microbial  or  thermogenic  sources.  The  vertical 
methane  diffusioin  through  piston  core  profiles  is  calculated  with  measurements  of 
sulfate  gradients.  Sulfate  is  conservative  during  the  core  sampling  and  provides  a  1:1 
ratio  during  the  oxidation  of  methane  with  the  reduction  of  sulfate  to  sulfide.  Diffusive 
flux  calculations  from  the  linear  sulfate  porewater  profiles  are  applied  according  to 
Pick’s  first  law  assuming  steady  state  conditions. 


dc 

dx 


where  J  represents  the  sulfate  flux  (mmol  m'^  a''),  (|)  is  the  sediment  porosity,  Ds  is  the 
sediment  diffusion  coefficient,  c  is  the  range  in  sulfate  concentration  and  x  is  the  range 
of  the  linear  section  of  the  sulfate  profile  in  the  piston  core.  Ds  is  calculated  assuming  a 
tracer  diffusion  coefficient  for  sulfate  where. 


\  +  n{\-(/)) 

as  DO  is  assumed  to  be  8.7  x  10-5  cm2  s-1,  n  varies  between  1  and  3  depending  on  the 
sediement  composition,  and  (|),  the  sediment  porosity,  can  be  measured  through  the 
sediment  cores. 
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3.  Biogeochemical  Evaluation  -  Biogeochemical  parameters  are  incorporated  in  the 
sediment  core  and  porewater  profiles  to  understand  the  methane  source  and  biological 
cycling.  Geochemical  and  molecular  biological  analysis  of  piston  core  porewaters  and 
sediments  addresses  the  hydrate  content,  lattice  saturation  and  stability;  methane  source 
and  biological  influence  on  the  methane  concentrations.  Topics  addressed  in  current 
research  projects  include: 

•  Refined  geophysical,  geochemical  and  microbiological  technologies  for 
prospecting  hydrate  content  and  distribution. 

•  Contribution  to  definition  of  high-priority  geographical  areas  of  prospective 
interest. 

•  Diagnoses  of  the  possible  environmental  effects  and  geologic  risks  at  the 
continental  margin  associated  with  the  natural  resource  occurrence  and  resource 
exploitation. 

•  Contribution  to  understanding  the  biogeochemical  parameters  and  associated 
microbial  community  diversity  in  shallow  sediments  that  influences  the  porewater 
methane  and  sulfate  cycling  and  resulting  sulfate  gradient  observed  through  anaerobic 
methane  oxidation. 

4.  Heatflow  -  Thermal  data  collected  in  the  upper  fewer  meters  of  the  seafloor  using  a 
heatflow  instrument  has  proven  to  be  a  reliable  provide  a  proxy  for  fluid  flow  and  helps 
define  the  limits  of  active  flows  around  methane  seeps  and  mud  volcanoes  associated 
with  methane  seeps  and  hydrates.  The  heat  flow  instrument  used  is  a  3.5-meter-long 
“violin  bow”  or  “Lister-type”  instrument  (Hyndman  et  ah,  1979).  Eleven  thermistors  are 
arranged  30  centimeters  apart  in  a  1-cm-diameter  tube  held  in  tension  parallel  to  a  solid 
steel  strength  member.  There  is  also  a  temperature  sensor  mounted  on  the  top  of  the 
weightstand  which  records  the  water  temperature  near  the  sediment- water  interface.  The 
system  measures  both  temperature  gradient  and  thermal  conductivity  in-situ.  Sediment 
temperatures  are  calculated  from  the  decay  of  the  frictional  heat  caused  by  penetration  of 
the  instrument  into  the  sediment.  Thermal  conductivity  is  determined  from  the  decay  of 
a  calibrated  thermal  pulse  applied  after  a  preset  period  of  time  (Villinger  and  Davis, 
1987).  Heat  flow  values  were  determined  at  each  station  by  computing  thermal 
resistance  values  at  each  thermistor. 


R  =  J  {\IX)dz, 


where  X  is  the  thermal  conductivity.  In  a  situation  of  steady-state  conductivity  the  heat 
flow  is  equal  to  the  slope  of  the  line  on  a  Bullard  Plot,  a  plot  of  temperature  vs.  thermal 
resistance.  For  each  station,  any  non-linear  data  that  might  be  attributed  to  bottom  water 
warming  or  cooling  affects,  is  removed  so  as  not  to  bias  the  statistics.  A  heat  flow  value 
is  determined  from  the  slope  of  the  best-fitting  linear  least-squares  line  through  the 
remaining  data.  All  heat  flow  values  are  corrected  for  instrument  tilt. 
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High  resolution  transects  are  done  over  the  seeps  and  mounds  in  order  to  get  an 
accurate  sampling  of  where  elevated  thermal  signatures.  Stations  are  typically  stationed 
no  more  than  100  meters  apart  since  it  has  been  our  experience  that  the  fluid  flow 
associated  with  seafloor  seeps  is  relatively  distinct  and  confined  in  lateral  extent.  Data 
typically  show  clear  anomalies  in  sediment  temperature  and  heat  flow  associated  with 
the  mounds  and  seeps. 

5.  Electromagnetics  -  Electrical  conductivity  of  the  oceanic  crust  and  overlying 
sediments  is  mainly  controlled  by  the  presence  of  conductive  fluids.  The  presence  of  gas 
hydrates  and  free  gas  within  the  hydrate  stability  zone  is  known  to  change  physical 
parameters  such  as  electrical  conductivity  and  shear  modulus.  In  hydrated  zones  the  salt 
water  is  replaced  by  insulating  gas  hydrate  or  free  gas  and  the  bulk  resistivity  rises. 
Hydrocarbon  vent  sites,  such  as  the  Bullseye  vent  on  the  Cascadia  Margin,  are 
associated  with  significant  resistivity  anomalies. 

Electrical  conductivity  in  the  hydrated  zone  can  be  measured  using  a  controlled- 
source  electromagnetic  (CSEM)  system.  The  system  consists  of  an  EM  dipole  source, 
and  an  array  of  2-component  electrometers.  The  array  aperture  controls  the  depth  of 
penetration  of  the  electromagnetic  signal  beneath  the  sea  floor.  CSEM  arrays  can 
examine  both  the  region  above  the  BSR,  in  the  hydrate  zone,  and  the  underlying 
plumping  and  methane  transport,  as  well  as  its  evolution  in  time. 

6.  Laboratory  Approaches  to  Enhance  Field  Studies  -  This  section  is  based  on  the 
example  provided  from  the  Materials  Structure  and  Function  Group  at  the  National 
Research  Council  in  Ottawa,  Canada.  For  some  years  now,  the  Materials  Structure  and 
Function  Group  at  NRC  has  made  an  effort  towards  establishing  a  protocol  for  the 
analysis  of  natural  hydrate  samples,  and  to  help  establish  a  database  on  natural  gas 
hydrate  properties.  Since  the  science  of  natural  gas  hydrates  is  a  complex 
multidisciplinary  area  of  research,  the  group  establishes  connections  with  field 
researchers  that  have  recovered  natural  gas  hydrates  or  plan  to  do  so.  The  protocol  has 
now  developed  to  a  stage  where  application  of  the  compete  suite  of  techniques  now 
gives  a  good  picture  of  natural  hydrate  as  a  complex  mineral,  which  of  course  also  leads 
to  the  possibility  of  carrying  out  experiments  to  model  hydrate  formation  processes  in 
nature.  Along  with  the  work  on  natural  samples,  the  Group  does  fundamental  work  on 
hydrate  structures  as  well  as  development  work  to  establish  new  techniques  to  study 
hydrate  structure,  morphology  and  processes,  including  methane  and  hydrogen  storage. . 

The  work  is  highly  collaborative  in  nature  and  depends  on  receiving  properly 
preserved  hydrate  samples  from  the  field.  In  the  past  we  have  received  samples  from 
both  Mallik  exercises,  Gulf  of  Mexico,  Hydrate  Ridge,  Cascadia  (Barkley  Canyon  and 
lODP  311).  This  year  we  expect  to  receive  samples  from  offshore  India,  the  South 
China  Sea  and  the  Sea  of  Japan. 

A.  Characterization  of  natural  gas  hydrates;  the  idea  is  to  carry  out  the  measurements 

under  controlled  conditions  to  eliminate  possible  contamination  with  all 
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measurements  taken  by  subsampling  the  same  recovered  material.  New  techniques 
are  incorporated  as  necessary  to  provide  new  information. 


(1)  Structural  determination:  using  instrumental  methods  to  determine  the  structure 
type  of  natural  gas  hydrate  and  the  distribution  of  hydrocarbons  over  the  guest 
sites  in  recovered  hydrate  samples 

(2)  Measurement  of  total  gas,  water  and  sediment  to  establish  the  degrees  of 
saturation  and  conversion  to  hydrate. 

(3)  Gas  composition  measurements:  to  analyze  the  compositions  of  uncontaminated 
gas  of  natural  gas  hydrate  with  high  resolution  GC/MS. 

(4)  Isotope  analysis  -  to  establish  source  of  hydrocarbons 

(5)  Sediment  characterization  -  to  understand  gas  hydrate  accumulation  in  nature 

(6)  Measurement  of  P,T  stability  conditions  on  recovered  hydrate. 

B.  Dissociation  of  gas  hydrate;  a  variety  of  issues  need  to  addresses,  preferably  on 
intact  recovered  samples. 

(1)  To  establish  the  relationship  between  the  physical  properties  of  gas  hydrate 
containing  sediments  and  the  amount  of  gas  hydrate.  Dissociation  properties:  to 
investigate  the  stability  condition  and  dissociation  kinetics  of  natural  gas  hydrate 
in  sediments 

(2)  To  determine  the  kinetics  of  gas  hydrate  dissociation  under  a  variety  of 
controlled  conditions  to  simulate  natural  gas  hydrate  in  reservoirs; 

(3)  To  determine  connection  between  thermal  input  into  hydrate  formations,  hydrate 
dissociation  and  the  behavior  of  water  and  gas  released 

(4)  To  examine  the  presently  available  methods  available  to  destabilize  gas  hydrate 
by  evaluating  the  efficiency  of  various  methods; 

(5)  To  develop  new  methods  for  the  efficient  destabilization  of  gas  hydrate. 

7.  Data  Access  and  Sharing:  A  major  goal  for  this  program  is  the  laboratory  and  field 
information  sharing.  In  response  to  this  program  goal  a  proposal,  presented  by  Jan 
Boon,  Natural  Resources,  Canada,  was  adopted  to  establish  a  dynamic  web-based 
communication  mechanism  for  hydrate  researchers  within  the  context  of  the 
International  Methane  Hydrate  Research  and  Development  Committee: 

Proposal:  Gas  Hydrate  Research  and  Development  Communication  System 

(presented  by  Jan  Boone  -  Natural  Resources,  Canada) 

•  Vision: 

o  Develop  an  effective,  engaged  international  gas  hydrate  research 
community 

•  Facilitate  information  exchange  of: 

o  Current  research  activities,  knowledge  and  opportunities 
o  Key  Priorities  in  research 
o  Political,  social,  and  economic  context 
o  Funding  opportunities 

o  Communicate  successes  and  the  impact  of  gas  hydrate  research 
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o  Act  as  an  effective  lobbying  force  for  hydrate  research  with  government 
and  industry 

o  Goal  is  to  foster  effective  international  eollaboration: 

■  Key  Teehnologies  and  Equipment 

■  Priorities/Needs 

■  OpportunitiesFunding 

■  Data/Information  Sharing 

A  steering  committee  eonsisting  of  members  of  the  International  Methane 
Hydrate  Researeh  and  Development  Committee  will  oversee  the  establishment 
and  operation  of  the  system.  Initially,  the  web  site  will  be  set  up  and  maintained 
on  the  CEOR  web  site.  Researchers  are  encouraged  to  use  the  web  site  to  share 
new  information  about  their  research  activities. 

C.  Plans  for  Future  International  Collaboration. 

This  series  of  workshops  has  developed  strong  international  eollaboration  in  the  a 
variety  of  coastal  regions;  including  the  Cascadia  Margin,  Texas-Louisiana  Shelf,  Blake  Ridge, 
Gulf  of  Cadiz  and  Mid  Chilean  coast.  Near-term  eollaborations  are  being  planned  for  the  coasts 
of  New  Zealand  and  Norway.  Partieipating  seientists  are  from  laboratories  in  the  US,  Canada, 
New  Zealand,  Australia,  Chile,  Japan,  and  Germany.  Continued  researeh  plans  are  open  for 
collaboration  of  other  regions  with  seientists  from  different  nations  that  are  interested  in  sharing 
costs  for  field  work,  field  teehnology  and  data.  Partieular  attention  should  be  given  to 
developing  new  eollaborations  with  research  focusing  on  the  Norwegian  coast  and  other  sites 
off  the  western  eoasts  of  Europe.  These  eollaborations  will  be  addressed  at  subsequent 
workshops  in  Edinburgh  Seotland  (October  2006)  and  Bergen  Norway  (2007). 

An  important  issue  is  information  storage  as  well  as  exchange.  Dendy  Sloan  reported  on 
a  new  opportunity  to  establish  an  information  data  base  on  natural  gas  hydrates  within 
CODATA,  the  Committee  on  Data  for  Seience  and  Technology.  A  natural  gas  hydrates 
working  group  was  set  up  to  interact  with  CODATA  to  establish  the  information  site. 
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Watching  Hydrate  Crystals  Grow:  Insights  from  Computer  Simulations 
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POSTER  PRESENTATIONS  AND  ABSTRACTS 

Quantifying  the  Methane  Content  and  Distribution  of  Natural  Gas  Hydrate 
Accumulations  in  the  Deep-Water  Basins  of  the  Bering  Sea 

Ginger  A.  Barth,  David  W.  Scholl  and  Jonathan  R.  Childs 

Seismic  reflection  images  from  the  Aleutian  and  Bowers  Basins  of  the  Bering  Sea  reveal  the 
abundant  presence  of  natural  gas  and  gas  hydrate  in  this  truly  deep-water  (>3500  m)  setting. 
Distinctive  velocity-amplitude  anomalies,  or  VAMPs,  stand  out  as  both  velocity 
pseudostructures  and  gas  bright  spots  within  the  otherwise  horizontal  and  uniform  sedimentary 
reflection  sequences.  These  are  interpreted  as  methane  chimneys  overlain  by  concentrated  gas 
hydrate  caps.  Hundreds  of  VAMPs  have  been  imaged  throughout  the  Bering  Sea;  several 
thousand  are  inferred  to  exist.  We  have  estimated  the  size  and  methane  content  of  representative 
large  VAMP  structures,  based  on  seismic  reflection  time  anomalies.  The  VAMPs  studied  contain 
20-40  m  cumulative  thickness  of  gas  hydrate  within  ~450  m  of  sediment  above  the  hydrate 
BSR.  These  VAMP  features  have  lateral  extents  of  4-9  km.  Hydrate  distribution  appears  to  be 
lithologically  controlled  within  a  section  of  alternating  turbidite  and  diatomaceous  sediments. 
Free  gas  is  present  in  the  section  to  well  below  1  km  bsf.  Each  individual  large  VAMP  is 
estimated  to  contain  an  equivalent  free  gas  volume  (primarily  in  the  form  of  gas  hydrate)  similar 
to  that  of  an  economic  gas  field,  >1  Tcf  at  standard  conditions.  The  basin- wide  occurrence  of  a 
horizontal,  laterally  persistent  hydrate  BSR  overlying  thousands  of  gas  chimneys  associated  with 
VAMP  and  VAMP-like  structures  testifies  to  a  high  basin-wide  flux  of  methane  toward  the 
seafloor.  Ongoing  USGS  development  of  an  interpretive  seismic  database  presents  a  new 
opportunity  to  explore  the  geometry  and  distribution  of  Bering  Sea  VAMPs  relative  to  basement 
topography,  ancient  subduction  boundary  structures  and  sediment  sources. 

Ginger  A.  Barth,  David  W.  Scholl  and  Jonathan  R.  Childs 
United  States  Geological  Survey 
M.S.  999,  Menlo  Park,  CA  94025  USA 
E-mail:  gbarth@usgs.gov 
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Laboratory  Seismic  Properties  of  Methane  Gas  Hydrate-bearing  Sand 
A.  1.  Best,  J.  A.  Priest  and  C.  R.  1.  Clayton 

We  developed  a  laboratory  resonant  column  and  associated  pressure-tempera-ture 
control  systems  for  creating  methane  gas  hydrates  in  sediment  specimens  during  the  EU 
HYDRATECH  project  (2001-2004).  The  resonant  column  allows  7  cm  diameter,  14  cm-long 
cylindrical  sediment  specimens  to  be  excited  into  resonance  in  either  torsional  or  longitudinal 
flexural  modes.  Measurement  of  mode  resonance  frequency  and  free  vibration  amplitude  decay 
curves  enables  P-  and  S-wave  velocity  (Vp  &  Vs,  respectively)  and  attenuation  (1/Qp  &  1/Qs, 
respectively)  to  be  calculated.  Resonance  frequency  typically  falls  below  500  Hz  and  strain 
amplitudes  are  kept  below  10-6,  thus  reducing  ambiguity  in  applying  the  measured  frequency- 
and  strain-dependent  elastic  wave  parameters  to  the  interpretation  of  seafloor  seismic  data. 

The  following  range  of  methane  hydrate  concentrations  were  formed  in  sand  specimens 
using  an  excess-gas  method:  0,  1,  2,  3,  4,  5,  10,  18  &  35%  by  volume  of  the  pore  space  (porosity 
40%).  The  remaining  pore  space  was  occupied  by  methane  gas.  The  P-  and  S-wave  velocities 
measured  at  500  kPa  effective  pressure  increased  rapidly  up  to  hydrate  concentrations  of  3-5%, 
then  increased  at  a  lower  rate  up  to  35%.  VpWs  changed  from  >5.0  to  2.2  with  hydrate 
concentrations  between  0-5%,  indicating  that  the  hydrate  acted  as  an  effective  grain  cementing 
agent.  Both  1/Qp  and  1/Qs  were  higher  in  the  hydrate-bearing  sand  than  in  the  moist  sand 
specimens  (both  before  hydrate  formation  and  after  hydrate  dissociation)  and  showed  an 
attenuation  maximum  at  hydrate  concentrations  between  3-5%.  The  attenuation  results  imply  a 
damping  mechanism  associated  with  the  hydrate.  Although  the  velocity  results  can  be  applied  to 
water  saturated  hydrate-bearing  sediments  using  fluid  substitution  models,  it  is  difficult  to  know 
how  the  attenuation  results  relate  to  water  saturated  sediments  at  this  stage. 

A.  L  Best 

Challenger  Division  for  Seafloor  Proeesses 
Southampton  Oeeanography  Centre 

European  Way 

Southampton,  SO  14  3ZH,  UK 
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Sehool  of  Civil  Engineering  &  the  Environment 
University  of  Southampton 

Highfield,  Southampton,  S017  IBJ,  UK 


85 


APPENDIX  B 
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PANEL  I:  GAS  HYDRATES  RESONANT  COLUMN 


The  Gaa  Hyt^atea  Reacnafift  Ooliann  waa  deai^ted  duing  tie  EU  HYDRATECH  profec-t  to  meaaue  the 
aeiank  properiea  of  iriethane  h^ate-beaiiig  aetftnenta.  An  envionnental  chamber  and  pteaaue  cel 
{Fig.  la)  waa  conatucted  b  houae  the  leacnant  cchann  {Fig.  1b)  and  to  achieve  the  neceaaary  bi^ 
pneaauea  {<  20  MPa)  and  low  temperartuea  {>  2IIPG)  b  fcnn  methane  gaa  hycbarte.  Sold  cyfavifkal 
aecftnent  apecanena  {hei^  14  cm,  eiameter  T  cm^^  see  Fig.  2a)  were  e«cibd  nAo  reacnance  maide  the 
reacnant  cxhmn  u^g  an  electcmagnetic  drive  ayatem  {Fig.  1b).  Tcracnal  and  Icn^tucinBl  tledciaal 
eoccitaition  modea  are  poaaUe  tt^  alow  he  fdowaig  aeiamic  wave  properiea  to  be  calcriabd:  P^wave 
veloeiV  {V|>);  P-^wave  attenuartion  {l/Q);  SnJwave  velcx%  {V|>);  and  S-wave  attenuaftEn  {1/Q|).  Velocity  ia 
derived  from  he  leaonancxi  pealc  frequency  {c),  wble  atbnuatkn  b  derived  torn  the  eocpcnential  ampfitucie 
decay  rate  once  the  ciive  mechaniam  haa  been  aMtched  off. 


PANEL  2:  GAS  HYDRATE  FORMATION 


We  conducted  a  aeiiea  of  wel  conatained  eopietinenta  on  dean  aand  apedmena  b  determme  V^i,  Va,  & 
1  ^  aa  tunctKna  of  he  fdowrig  veriaUea : 

1)  Mehane  gaa  hycteate  content  {by  vdLme  Of  he  void  ^oe  =  4fl(%  of  apecinen  vdime); 

2)  Effective  preeatre  {SOO  -  2000  hPa) . 

Fig.  2b  ahowa  a  40^{i  h^ab-bearrig  aand  :^cinen  ahortfy  after  removmg  he  preaauea  cel;  he  aample 
haa  atarted  b  ciaaDciaite  and  give  off  mehane  gaa,  ^lich  haa  been  It  tor  viaual  effect.  Fig.  2b:  methane  gaa 
h^ate  waa  formed  inacie  the  aand  by  teezkig  a  aand^ater  apecinen  {A  b  B)  then  b^teig  mehane  gaa 
rib  the  void  apace  and  raiarig  the  effective  pieaaue  to  IS  MPa  {B  to  G),  then  tiia^  rataiig  the  temperatue 
to  lOPC  {C  loD). 


PANEL  3:  RESONANT  COLUMN  RESULTS 


I 

s 


The  reaiitah  Figa.  3a&  3b  ahowhow  aeianic  velccity  vaiiea  wih  effective  pteaaue 
for  aanda  with  between  0  -  30%  hycteab  content  Ldwh  hyctate  content  aari^  are 
mote  aenaihe  b  eftectbe  pr  eaaue  han  N^ier  bycteaite  content  aanda .  Thia  haa 
iirplcationa  for  he  mechanical  atiengh  of  bycteate-bearrig  aanda  wih  deph 
beneath  he  aeabed,  and  ibr  aihaea  dope  atabCty.  Fig.  3c  diowa  he  ratio  of  VpiVa 
aa  ooirputed  for  b^poheical  water  aatrated  apecinena  agarnat  h^ate  conrtent 
There  ia  a  cbamaic  reducion  n  VpiVa  af  about  3  -  S%  byd-ate  content  {B)  mcScaitive 
of  he  bydate  oementeig  the  aand  ^ama,  terrng  he  looae  aand  b  a  rodc-Bce 
material.  Tbia  tanation  can  be  detected  on  in  sHu  aeaioor  aecdnente  by  modem 
matrie  aeiamic  auiey  mehoda.  Fig.  3d  ahowa  the  vaiiaion  m  aittenuation  {1^}  with 
h^ate  content  iidc^g  a  clear  attenuaicn  maitinum  at  about  3  -  5%  hydate 
content  { B).  Moreover,  aand  with  berate  ia  alwaya  more  bi^ly  attenuateig  than 
aand  wihout  bydate. 


Fig.  3e 


Fig.  3e  ahowa  how  hydrate  {Uue)ia 
thou^t  b  cement  the  aand  ^ama 
{brown).  Thelabela  A.  B  &  G  coneapond 
to  he  aame  poiifte  on  the  ^apha  m  Fig . 
3c  &  3d.  Fiom  0%  bydate  {A),  l^rate 
cementa  pro^eaaively  more 
contacte  unf  al  ^sm  contacta  are 
cemented  at3  -S%  bydate  content  {B). 
Above  3  -  S%hydate  content  he 
bydate  Sa  iii  he  void  i^oea  {C). 


PANEL  4:  JOINT  ELECTRICAL-SEISMIC  PROPERTIES 


Seafloor  electical  geopbyaical  auveying  methods  coiid 
provide  complementaiy  pbyacal  propertiea  rfotmalnn  for 
quantifyrvg  gaa  hydratea  m  silu.  Hence,  we  are  curenly 
■iveatigatiig  theoretical  models  that  predct  bydate  oontent 
baaed  on  boh  aeispic  velociV  and  electical  conductivity. 
Fig.  4a  ahowa  a  concepbal  da^am  of  a  two  phase  aedanent 
{aand  ^ams  and  waiter)  with  different  de^ees  of  waiter 
riteroonnectiviV.  Interconnectvity  parametera  are  common  to 
boh  aeiairic  aid  electical  effectve  medun  models  uider 
riveatigation,  and  provide  a  means  of  Hmg  aeianic  and 
electical  obaervafona. 


The  laboratory  pro^^amme  is  ained  at  vaEdatiig  these  models  by  malaig  well 
constaaied  meaauemente  on  ^ecinens  of  blown  pbyacal  propertiea.  An  teHal 
ateidy  iivblved  a  benchtop  conductivity  meaauement  ^tem  {Fig.  4b).  We  are  now 
devtelDprig  a  special  labcrartory  lig  for  malmg  ionf  aennic-dectical  measuanenta 
on  methane  gaa  bydate  aairplea.  This  ayatem  is  baaed  on  anenatkighi^  preaaue 
rig  for  reaervote  ro^  aeiairic  properties  atudea  {Fig.  4c). 


Rcdiq  lor  ItVi  wvDfti  waa  t^rcMiSaii  ih*  UK  tVoiud  BwinonnMV  RHHrdi  Oouvcl  and  B#o{)Mn 
ComiViibn  Lcdr  dw  MVORAIBCH  i;>ro|Ki  ^EVK-OT-aaXLOOOr^,  dw  UUfd  Bnrfmiirx  RitHwohCouidl 
LndtrdwOoHnUoiielrviLMt  nogromKimditvaNadDrulOoHno^iicti^  CtnrKSoulHqinon. 
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From  Multicomponent  Seismic  Data  to  Hydrate  Saturation 
Shyam  Chand 

The  presence  of  gas  hydrate  in  marine  sediments  alters  their  physical  properties  and  fluid 
flow.  Gas  hydrate  may  cement  the  sediment  grains  together,  and  dramatically  increase  the 
seismic  P  and  S  wave  velocities  of  the  composite.  Hydrate  may  also  form  a  load-bearing 
structure,  within  the  sediment  microstructure  but  with  different  seismic  wave  attenuation 
characteristics  to  that  of  the  host  sediment.  It  has  been  observed  that  the  attenuation  increases 
with  hydrate  saturation  at  higher  frequencies  for  both  P  and  S  waves. 

Now  it  is  possible  to  detect  both  P  and  S  waves  in  marine  environment  using  Ocean 
Bottom  Seismograph  (OBS)  systems.  Usually  the  S  waves  recorded  are  those  generated  from  P 
to  S  conversion  within  the  sedimentary  column.  Since  S  wave  behaviour  through  hydrate- 
saturated  marine  sediments  also  changes  with  hydrate  saturation,  we  extract  this  additional 
information  from  the  horizontal  component  data.  This  is  done  through  waveform  inversion  of 
vertical  component  data  to  derive  detailed  P  wave  velocity  structure  followed  by  waveform 
inversion  of  horizontal  component  data  to  derive  the  detailed  S  wave  velocity  structure.  We 
relate  these  changes  in  physical  parameters  of  hydrate-bearing  sediments  to  their  hydrate 
content  using  an  effective  medium  model,  which  is  based  on  self  consistent  approximation 
(SCA)  and  differential  effective  medium  (DEM)  theories  and,  Biot  and  squirt  flow  mechanisms 
of  fluid  flow. 

Shyam  Chand 

Geological  Survey  of  Norway  (NGU) 

Polarmiljosenteret,  9296 
Tromso,  Norway 

Ph:  004777750130  Fax:  004777750126 
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ARSTRACT 

The  pnescrtce  of  fias  hydrate  in  meirjne  sediments  ollera  ttwir  physical  propert- 
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Methane  Hydrate  Exploration,  Atwater  Valley,  Texas-Louisiana  Shelf:  Geophysical  and 
Geochemical  Profiles 

Richard  Coffin,  Joan  Gardner,  John  Pohlman,  Ross  Downer  and  Warren  Wood 

From  May  14  to  May  20,  2004  piston  core  and  heat  flow  measurements  were  colleeted 
across  two  mound  structures,  (designated  D  and  F),  in  as  the  Atwater  Valley  offshore  lease  area. 
The  mounds  lie  in  the  floor  of  the  Mississippi  Canyon,  direetly  south  of  the  mouth  of  the 
Mississippi  River,  at  1300  meters  water  depth.  Several  small  mound  structures  occur  in  the 
canyon  floor,  rising  less  than  50  meters  above  the  surrounding  seafloor.  The  USGS  eolleeted 
several  multiehannel  seismic  lines  in  this  area  in  2003.  During  four  days  on  site  we  acquired  15 
piston  eores  and  23  thermal  profiles  on  a  transect  from  mound  F  to  mound  D.  A  previous  USGS 
seismie  line  (AV65)  and  a  3.5  kHz  echosounder  profile  colleeted  during  the  cruise  were  used  to 
guide  operations.  All  attempts  at  thermal  probing  resulted  in  full  penetration  except  for  one 
instance  where  the  instrument  laid  horizontal  on  the  seafloor. 

The  sulfate-methane  interfaee  (SMI)  estimated  from  pore  water  sulfate  profiles 
indieated  a  range  in  the  vertieal  flux  of  methane.  Sulfate  and  methane  pore  water  profiles  from 
piston  eores  on  mound  F  indieated  the  greatest  vertical  methane  flux  in  this  region  of  the 
transect.  Sulfate  was  completely  depleted  in  surface  core  samples  and  methane  eoneentrations 
were  elevated  suggesting  a  flow  of  methane  into  the  water  column.  Overall  the  SMI  on  the 
transeet  ranged  from  45  to  410  cm.  Stable  earbon  isotope  ratios  and  speeiation  of  gases  sampled 
from  the  piston  cores  indicated  a  microbial  source  of  methane.  Chloride  data  from  piston  eores 
did  not  indieate  hydrates  were  sampled  and  dissociated  during  transport  from  the  sediment  and 
deck  processing.  However,  high  ehloride  concentrations  were  measured  on  mound  F.  It  is 
expected  that  the  ehloride  originated  from  the  deep  salt  diapir  underlying  the  mounds.  DlC 
eoneentrations  and  stable  earbon  isotope  analysis  confirmed  anaerobie  methane  oxidation  in  the 
pore  water  profiles.  Mound  F  sites  showed  shallower  DlC  concentration  peaks  and  more  ’^C 
depletion  in  the  DlC.  These  data  are  eonsistent  with  inereased  vertieal  methane  flux  in  this 
region. 

Thermal  probing  was  eonducted  at  each  of  the  piston  coring  sites;  additional  thermal 
sites  were  included  for  more  resolution.  The  data  show  clear  anomalies  in  sediment  temperature 
and  heat  flow  assoeiated  with  the  mounds.  Measurements  collected  on  the  top  of  mound  F  show 
elevated  sediment  temperatures,  and  heat  flow  values  of  around  160  mW/m^.  Sediment 
temperatures  deerease  away  from  the  summit  of  the  mound,  and  heat  flow  values  drop  to  a 
background  level  of  40  to  50  mW/m^.  Sediment  temperatures  at  the  summit  of  Mound  D  are 
similar  to  what  was  observed  at  Mound  F,  and  heat  flow  values  are  slightly  lower  at  around  132 
mW/m^,  partly  as  a  result  of  the  slightly  higher  bottom  water  temperature  and  thus  reduced 
thermal  gradient.  Away  from  the  summit  of  Mound  D  the  thermal  gradient  deereases  and  heat 
flow  values  drop  to  around  50  mW/m^.  High  heat  flow  measurements  coincide  with  estimates  of 
a  high  vertieal  methane  flux. 
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Methane  Hydrates  and  Fluid  Flow  along  the  Chilean  Margin 

Joan  M.  Gardner,  Juan  Diaz-Naveas,  John  W.  Pohlman,  Rick  A.  Hagen, 
Richard  Coffin,  and  Warren  T.  Wood 

POSTER  NOT  A  VAILABLE 

An  international  collaboration  between  the  Naval  Research  Laboratory  and  Pontificia 
Universidad  Catolica  de  Valparaiso  (Chile)  was  developed  to  investigate  methane  hydrate 
distribution  along  sections  of  the  Chilean  margin.  Preliminary  data  collected  along  the  Chilean 
margin  in  2003  by  researchers  from  Chile  and  the  Universities  of  Bremen  and  Kiel  (GEOMAR) 
found  a  clear  discrepancy  between  estimated  heat  flow  inferred  from  the  depth  of  the  bottom 
simulating  reflector  (BSR)  and  direct  measurement  using  a  heat  flow  probe.  The  data  indicated 
that  fluid  migration  enhanced  heat  flow  in  the  upper  section  of  the  sedimentary  column.  We 
conducted  a  more  extensive  and  higher  resolution  survey  in  October  2004  to  evaluate  this 
discrepancy  and  determine  if  the  phenomenon  is  a  local  or  regional  phenomenon.  Multichannel 
seismic  data  collected  in  the  region,  suggest  the  BSR  is  shallower  than  expected.  It  is  possible 
that  tectonic  movements  present  that  shifted  the  BSR  upward  but  did  not  immediately 
destabilize  the  hydrates. 

Complimentary  pore  water  geochemical  profiles  from  piston  cores  and  heat  flow  data 
will  help  reconcile  the  discrepancies  observed  between  the  seismic  and  heat  flow  observations. 
Previous  DTAGS  data  is  coupled  with  the  heat  flow  data  to  interpret  the  variation  observed  in 
the  geochemical  profiles. 
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Gas  Hydrate  Seismic  Characterisation  and  Distribution  on  New  Zealand's 
Continental  Margins 

Andrew  R.  Gorman,  Ingo  A.  Pecher,  Miko  Fohrmann  and  Stuart  A.  Henrys 

The  continental  margins  off  the  east  coast  of  New  Zealand’s  North  Island  (the  Hikurangi 
Margin)  and  the  southwest  coast  of  the  South  Island  (the  Fiordland  Margin)  contain  significant 
quantities  of  gas  hydrates.  Current  analyses  are  focussed  on  these  regions  to  determine  the 
distribution  and  concentrations  of  gas  hydrate,  their  resource  potential,  and  their  involvement  in 
seafloor  stability.  The  Hikurangi  Margin,  off  the  east  coast  of  the  North  Island,  has  the  highest 
economic  potential  of  these  gas  hydrate  deposits  for  future  gas  production  because  of  its 
proximity  to  larger  population  centres. 

Analysis  of  gas  hydrate  deposits  is  primarily  based  on  the  interpretation  of  bottom 
simulating  reflections  (BSRs)  from  a  substantial  data  set  of  seismic  data  acquired  for  a  number  of 
geological  reasons  over  the  last  30  years.  On  both  the  Fiordland  and  Hikurangi  Margins,  BSRs 
are  prevalent  (1)  beneath  structural  highs,  and  (2)  at  locations  where  dipping  layers  crop  out  at  the 
seafloor.  Both  of  these  features  are  known  to  focus  fluid  flow  through  the  sediment  to  the 
seafloor.  In  the  methane-rich  environment  of  the  Hikurangi  Margin,  we  presume  that  a  substantial 
amount  of  methane  is  supplied  to  the  system  in  regions  of  high  fluid  flow.  Because  an  ongoing 
methane  supply  is  known  to  be  a  key  factor  controlling  gas  hydrate  concentration,  high  methane 
flux  regions  are  likely  to  be  proximal  to  regions  of  high  gas  hydrate  concentration.  These  “sweet 
spot”  locations  are  a  focus  of  our  work  and  may  contain  gas  hydrate  concentrations  that  are  high 
enough  for  the  commercial  production  of  natural  gas  in  the  future.  The  role  of  gas  hydrates  in 
slope  stability  is  being  investigated  at  locations  where  BSRs  crop  out  on  the  seafloor  at  locations 
coincident  with  submarine  erosion/landslide  features. 
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A  Multidisciplinary  Investigation  of  a  Deep-water  Gas  Hydrate  Mound, 
Atwater  Valley,  Northern  Gulf  of  Mexico 

P.  E.  Hart,  D.R.  Hutchinson,  B.  Dugan,  M.  Fowler,  W.  Wood,  F.  Snyder,  N.  Dutta,  R.  Coffin, 
J.  Gardner,  R.  Hagen,  R.  Evans  and  D.  Fomari 

Natural  marine  gas  hydrates  exist  on  the  seafloor  of  the  eontinental  slope  of  the  northern 
Gulf  of  Mexieo,  but  in  spite  of  extensive  geologieal  and  geophysical  data,  little  is  certain 
regarding  their  subsurface  distribution  and  coneentration  and  traditional  geophysical  indicators 
(e.g.,  bottom  simulating  reflections)  are  rare.  This  has  motivated  numerous  ongoing  hydrate 
studies,  ineluding  the  Gulf  of  Mexico  Gas  Hydrates  Joint  Industry  Project  (JIP),  a  collaboration 
among  industry,  academia  and  government  agencies.  Two  goals  of  the  JIP  are  to  better 
understand  the  physical  system  and  the  seismic  reflection  characteristics  of  gas  hydrates  and 
free  gas  assoeiated  with  surficial  gas  hydrate  mounds.  In  the  Atwater  Valley  region  of  the 
Mississippi  Canyon,  150  km  south  of  Louisiana,  at  about  1300  m  water  depth,  there  are  several 
seafloor  mounds  that  may  be  aetive  vents  with  significant  accumulations  of  gas  hydrate  adjacent 
to  the  gas  and  fluid  migration  pathways.  Several  recent  research  cruises,  led  by  the  U.S. 
Geological  Survey,  the  Naval  Research  Laboratory  and  the  Woods  Hole  Oeeanographie 
Institute,  have  investigated  this  site  and  colleeted  high-resolution  seismic  reflection  data,  piston 
cores,  heat  flow  measurements,  electromagnetie  readings,  near-bottom  photographs,  side-scan 
sonar  and  multibeam  bathymetrie  data.  Additionally,  the  JIP  has  3-D  seismic  coverage  of  the 
area  provided  by  WestemGeco. 

A  shallow,  eonvex-upward  reflection  in  seismic  profiles  over  the  largest  of  the  seafloor 
mounds  (Mound  F)  and  high  heat  flow  and  ehloride  coneentrations  indicate  that  the  base  of  the 
gas  hydrate  stability  zone  is  anomalously  shallow  beneath  the  mound.  High  seafloor  reflectivity 
observed  over  the  mounds  on  the  seismic  profiles  is  indicative  of  hydrate  or  authigenie 
carbonates  at  or  near  the  seafloor.  Bottom  photographs  show  evidence  of  mud  flows  from  the 
flank  of  Mound  F.  A  drilling  and  eoring  program  planned  by  the  JIP  for  spring  2005  will 
provide  ground  truth  for  present  interpretations  and  theoretical  models  while  providing 
quantitative  estimates  of  subsurfaee  hydrate  deposits  near  Mound  F. 
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Geophysical  and  Geochemical  Characterization  of  the  Hydrate  Stability  Zone  in  a  Region  of 
Active  Salt  Tectonics,  Keathley  Canyon,  Northern  Gulf  of  Mexico 

D.R.  Hutchinson,  C.D.  Ruppel,  J.  Pohlman,  P.  E.  Hart,  F.  Snyder,  N.  Dutta 
B.  Dugan  and  R.  Coffin 


The  northern  Gulf  of  Mexico  contains  conditions  suitable  for  gas  hydrate:  appropriate 
pressures  from  continental  slope  water  depths,  moderate  thermal  gradients  typical  of  continental 
margins  and  abundant  methane  from  a  well-known  leaky  petroleum  system.  Surficial  gas 
hydrate  is  present  in  seafloor  mounds,  but  geophysical  evidence  for  subsurface  gas  hydrate 
(bottom  simulating  reflection  [BSR]  or  blanking)  is  generally  lacking.  One  exception  occurs 
near  lease  block  Keathley  Canyon  195,  in  about  1300-m  water  depth,  where  a  weak  BSR  occurs 
on  the  flank  of  a  salt-withdrawal  minibasin.  A  multidisciplinary  study  involving  government 
agencies,  industry  and  academia  has  collected  2-D  and  3-D  multichannel  seismic  reflection  data, 
made  heat  flow  measurements  and  analyzed  geochemical  constituents  in  piston  cores  in  order  to 
understand  the  subsurface  distribution,  behavior  and  seismo-stratigraphic  indicators  of  gas 
hydrate. 

The  base  of  hydrate  stability,  interpreted  as  the  BSR,  ranges  from  200  to  more  than  450- 
m  below  the  seafloor  in  the  minibasin.  High  amplitudes  along  the  BSR  are  interpreted  to 
represent  gas-charged  coarser  deposits  in  a  well-layered  and  unconformity-rich  stratigraphic 
sequence.  An  intensely  deformed,  salt-cored,  structural  high  lacking  a  BSR  occurs  adjacent  to 
the  east  side  of  the  minibasin.  Heat-flow  penetrations  and  piston  core  analyses  show  lower 
thermal  gradients,  reduced  pore-water  salinities  and  greater  depths  to  the  base  of  the  sulfate 
depletion  zone  in  the  minibasin  than  on  the  structural  high.  These  data  indicate  that  the  flux  of 
fluid,  methane  and  heat  are  lower  in  the  minibasin  and  increase  on  the  structural  high,  consistent 
with  an  interpretation  of  warmer,  more  saline  fluids  migrating  up  faults  on  the  structural  high 
and  inhibiting  gas  hydrate  formation.  Age  reversals  in  the  shallowest  sediments  suggest  mass 
wasting  complicates  surficial  dynamics.  The  complex  interplay  between  thermal  and  chemical 
heterogeneity  of  the  system  plays  a  key  role  in  determining  the  presence  or  absence  of 
subsurface  gas  hydrate. 
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Geophysical  and  Geochemical  Characterization  of  the  Hydrate  Stability  Zone  in  a 
Region  of  Active  Salt  Tectonics,  Keathley  Canyon,  Northern  Gulf  of  Mexico 
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Slope  Stability  Issues  in  Hydrate-Bearing  Sediments 
Under  Seismic  Loading 

P.  Jackson,  D.  Gunn,  K.  Howard,  D.  Long,  M.  Lovell,  J.  Rees,  C.  Rochelle, 
P.  Hobbs  and  L.  Nelder 


While  there  is  debate  eonceming  total  gas-hydrate  reserves,  researehers  have  suggested 
boundary  surfaees  of  stable  hydrates  are  far  larger  than  originally  anticipated.  Recently,  a 
theoretieal  basis  has  begun  to  emerge  supporting  the  hypothesis  that  pore  pressures  may 
inerease  on  hydrate  dissoeiation.  Therefore,  re-assessment  of  risk  (e.g.,  earthquake  triggers)  to 
seafloor  installations  is  required.  Typically,  regional  seismie  assessments  exclude  site-scale 
sediment  property  data.  Consequently,  the  potential  for  underestimating  risk  is  significant, 
particularly  when  shear  strengths  are  redueed  by  inereased  pore  pressure.  This  suggests,  for 
example,  there  is  a  need  for  improved  geophysieal  and  geotechnical  property-models  for 
sediment-hosted  methane-hydrates . 
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An  experiment  demonstrates  melting'  of  an  ice  inclusion  (c.f.  hydrate  dissociation)  reduces  effective 
stress  through  increasing  pore  pressure,  leading  to  increased  likelihood  of  shear  failure 

_ The  AFEN  Holocene  submarine _ 


Mexico  City  Eorthquoke  (1985) 

Aceeleration  amplified  in 
weak  sediments 
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Watching  Hydrate  Crystals  Grow:  Insights  from  Computer  Simulations 
Peter  Kusalik 

While  the  molecular  behaviour  within  liquids  and  solids  has  been  extensively  studied, 
one  important  aspect  of  these  systems  that  has  remained  poorly  understood  is  the  first  order 
phase  transition  between  them.  One  of  the  reasons  for  this  is  that  there  are  very  few  experiments 
that  are  able  to  probe  directly  the  microscopic  environment  of  a  growing  crystal.  Computer 
simulations  thus  afford  us  an  excellent  opportunity  to  investigate  liquid/solid  interfaces  and 
mechanisms  of  crystal  growth  at  the  molecular  level.  In  this  paper  I  will  describe  a  new 
approach  we  have  developed  for  the  simulation  of  heterogeneous  crystal  growth  and  will  briefly 
discuss  its  success  with  simple  atomic  systems.  I  will  report  specific  results  for  the  growth  of  ice 
(I)  crystals,  where  I  will  clearly  demonstrate  that  the  process  of  crystal  growth  is  characterized 
by  a  collective  phenomenon  involving  many  molecules  (rather  than  the  “sticking”  of  individual 
molecules).  I  will  present  results  characterizing  the  interfacial  properties  of  various  ice  I  crystal 
faces,  including  interfacial  widths  and  surface  tensions.  Finally,  I  will  report  very  recent  results 
for  the  growth  of  methane  hydrates,  where  we  have  already  been  able  to  gain  some  important 
insights. 
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Watcliing  Hydrate  Crystals  Grow; 
Insights  from  Computer 
Simulations 


P.  Kusalik  and  J.  Vatamami 
Department  of  Chemistry,  Dalhousie  University 


*)  MD:  classical  Ewald,  neutral-group  based  cut-off,  Ifs  time  step.  Gear  4  predictor-corrector  integration 
algorithm.  Nose-Hoover  thermostats.  Bendersen  anisotropic  barostat. 

*)  The  initial  configuration  was  taken  ftom  experimental  X-ray  data,  the  H  was  assigned  according  to 
BF  rules,  randomizing  the  H  network  subjected  to  minimizing  the  total  dipole  of  the  simulation  cell. 

*)  The  system  thermalized  for  2-3  ns.  then  it  was  equihbrated  for  4ns  at  the  desired  pressure  and 
temperature,  degree  of  methane  depleting  from  cry'stal. 

•)  The  melting-growing  was  studied  by  movmg  the  thermostats  with  speeds  between  lA/ns  to  16A/ns  for 
the  pressure  of  SOOatm  and  the  foUossing  temperatures  gradients:  220-300K,  210-310K,  and  the  following 
CH4  depletion  percentage  from  initial  crystal:  30®c  and  40*1.  with  and  wifliout  active  transport. 

•)  The  effect  of  active  field  consists  in  a  very  small  fictitious  force  applied  locally  around  hot  source  to 
methane  molecules,  and  it  has  an  effective  effect  of  driving  the  CH4  through  hot  source  from  melting 
side  to  grossing  side 

•)  We  have  got  currently  6  systems  successfully  growing,  after  tunings  of  parameters  like  pressure, 
temperatures,  active  transport  field  intensiW.  rate  of  moving  the  active  field. 
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The  z-profiles:  1)  No  active  transport 

A  Note!  The  z-profiles  are  done  over  the  '"thennally  equivalent' 
points;  that  is  ^^’ith  respect  to  moving  frame! 


The  densit}-  profiles.  The  concennanon  of 
CH4  in  solution  is  about  2X  smaller  fiian  in 
solid  -  it  is  still  a  supersaturated  solution 


The  potential  energy  profiles;  H20  foUou's 
closely  the  expected  profile  fiom  the  imposed 
temperamie  profile. 


Crystal  growth  no  active  transport:  snapshot  (1) 


mMM’J 


Moving  frame  —  lA/ns 


©  It  grows!  ©  ©  Defects!  © 


The  z-profiles:  1)  No  active  transport 


The  z-component  of  force  profiles;  The  forces 

are  oscillating  around  0  as  expected  There  is  no  The  total  force  profiles, 

net  dtis'ing  force  in  z  directions,  the  CH4  ntos'es 
onl\’  because  of  diffusions 


The  z-profiles:  1)  No  active  transport 


The  zz-component  of  pressure  profiles;  At  interface 
there  is  a  build-up  of  pressure  in  methane  as  a  result 
of  caging’  effect;  methane  is  trapped  tn  half-cages 
Inierestingls'.  the  pressure  of  water  is  smaller  at  interface 


The  total  pressure  profiles.  Same  patterns  as 
zz-component  pressure.  Interesting:  die  pressure 
goes  down  in  solid  region  (it  should  not  happen 


this  if  properly  equihbrated). 

Altetnatite  inteiptetation:  Possible  something 
happening  in  solid  on  a  longer  time  scale  that 
afiect  the  mechanical  stability  of  the  solid 
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Crystal  growth  with  active  transport:  snapshot  (1) 


The  z-profiles:  2)  With  active  transport 


Crystal  growth  with  active  transport:  snapshot  (1) 


The  z-profiles:  2)  With  active  transport 


Tbe  zz-compone<u  of  pressue  profiles:  Szme  awd  as 
without  acth-e  txanspon.  The  active  transpon  is 
jeopardizing  the  fonn  of  pressure  profiles. 


The  total  pressure  profiles.  Same  panems  as 
zz-component  pressure.  Again,  the  pressure 
goes  down  in  solid  area  instead  of  being 
constant  or  oscillating  around  a  certain  value. 


The  z-profiles:  2)  With  active  transport 


I - -I 


nily  ACTIve 


The  densitv-  profiles:  The  concentration  of  CH4  in 
solution  stiU  big,  but  the  ef^t  of  active  transport  in 
CH4  is  visible:  a  net  increase  of  [CH4]  is  observed 
from  melting  to  growing  side. 


poMnnM  ACTIVE 


The  potential  energy  profiles:  H20  stiU  follows 
closely  the  expected  profile  from  the  imposed 
temperature  profile. 
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Microbial  Respiration  Species  Concentration  in  Pore  Fluids  Near  a  Large 
Gas  Hydrate  Reservoir,  Southern  Hydrate  Ridge,  Offshore  Oregon,  USA 

Thomas  D.  Lorenson,  Frederick  S.  Colwell,  Mark  Delwiche,  and  Jennifer  A.  Dougherty 

Acetate  and  hydrogen  are  common  products  of  microbial  fermentation  and  pyrolysis  of 
organic  matter.  They  are  also  common  energy  sources  for  microbial  respiration  reactions.  Thus, 
these  molecules  are  expected  to  be  key  intermediates  in  subsurface  microbial  activities  and 
present  where  living  bacteria  and  archaea  reside  in  marine  sediment. 

Acetate  and  hydrogen  concentrations  in  pore  fluids  were  measured  in  samples  taken  at 
seven  sites  from  southern  Hydrate  Ridge  (SHR)  offshore  Oregon,  USA.  Acetate  concentrations 
ranged  from  3.17  mM  to  2515  mM.  The  maximum  acetate  concentrations  occurred  at  Site  1251, 
an  area  to  the  east  of  SHR  considered  to  be  a  control  site  relative  to  SHR  sites  at  just  above  the 
bottom  simulating  reflector  (BSR),  marking  the  boundary  of  gas  hydrate  above  and  free  gas 
below.  Acetate  maxima  or  locally  high  concentrations  of  acetate  occur  at  the  BSR  at  all  sites, 
and  frequently  correspond  with  areas  of  gas  hydrate  accumulation  suggesting  an  empirical 
relationship.  Acetate  concentrations  are  typically  at  a  minimum  near  the  seafloor  where  sulfate- 
reducing  bacteria  may  consume  acetate.  High  acetate  concentrations  sometimes  occurred  in 
sediments  with  low  methanogen  cell  numbers  suggesting  that  acetate  may  accumulate  where 
methanogens  are  not  present.  Hydrogen  concentrations  in  pressure  core  samples  (PCS)  ranged 
from  16.45  to  1036  parts  per  million  by  volume  (ppmv).  In  some  cases  hydrogen  and  acetate 
concentrations  were  elevated  concurrently  suggesting  a  positive  correlation.  However,  sampling 
of  hydrogen  was  limited  in  comparison  to  acetate  resulting  in  unconstrained  correlations. 

Our  working  hypothesis  gleaned  from  these  observationsis  that  methanogenic  acetate 
fermentation  (CH3COOH^CH4  -i-  CO2)  is  inhibited  by  the  buildup  of  methane  in  gas  hydrate  or 
free  gas-rich  sediments.  Acetate  production  via  reductive  acetogenesis  (2CO2  +  4H2  — > 
CH3COOH  +  2H2O)  is  enhanced  when  hydrogen  concentrations  are  elevated  thus  providing  a 
likely  source  for  acetate.  Taken  together,  we  suggest  that  high  acetate  concentration  maybe  used 
as  a  proxy  for  predicting  low  counts  of  live  methanogens  and  that  active  acetoclastic 
methanogenesis  is  inhibited  in  and  near  the  zone  of  gas  hydrate  formation  where  the 
methanogens  may  be  constrained  by  high  levels  of  methane. 
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Microbial  respiration  species  concentration  in  pore  fluids  near  a  large  gas  hydrate 
_ _  reservoir,  Southern  Hydrate  Ridge,  offshore  Oregon,  USA^ _ _ 
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Magnetic  Characterization  of  Gas  Hydrate-bearing  Sediments:  Do  Magnetic  Methods  Have 
Potential  to  Locate  and  Assess  Gas  Hydrate  Deposits? 

POSTER  NOT  AVAILABLE 

C.  Lowe,  R.J.  Enkin,  J.  Baker  and  S.R.  Dallimore 

The  utility  of  magnetie  methods  in  the  exploration  for  natural  gas  hydrate  remains 
largely  untested.  Systematic  magnetic  susceptibility  (m.s.)  measurements  were  conducted  on 
recovered  core  from  the  JAPEX/JNOC/GSC  Mallik  5L-38  gas  hydrate  production  research  well 
located  in  the  northern  part  of  the  Mallik  gas  hydrate  field.  The  mean  m.s.  of  sand  recovered  in 
the  drill  core  is  thee  times  smaller  than  that  of  silt.  Further  differences  between  sands  and  silts 
were  revealed  by  detailed  magnetic  characterization  studies  that  show  sands  have  lost  their 
original  magnetic  remanence  whereas  silts  retain  it,  and  that  the  sands  contain  a  higher 
proportion  of  hard  magnetic  carriers,  such  as  pyrrhotite.  These  findings  are  attributed  to 
diagenetic  reactions  in  sand  units  which  reduce  magnetite  to  iron  sulphides.  These  reactions 
have  been  inhibited  in  silts  because  of  their  lower  porosity  and  permeability.  This  interpretation 
is  supported  by  a  comparison  of  m.s.  with  the  CMR-derived  log  of  hydrate  saturation  which 
reveals  that  the  m.s.  of  sand  decreases  by  a  factor  of  two  with  increasing  hydrate  saturation.  This 
observation  is  consistent  with  sulphate  reduction  and  changes  in  the  geochemical  regime 
associated  with  gas  hydrate  formation  and  dissociation. 

We  use  these  findings  to  analyze  magnetic  field  observations  in  the  Mallik  region. 
Forward  magnetic  models  demonstrate  that  the  measured  m.s.  contrasts  between  hydrate  and 
non-hydrate-bearing  sediments  generate  anomalies  with  amplitudes  significantly  smaller  than 
those  observed  in  the  region.  This  implies  that  magnetic  methods  may  not  be  a  useful 
exploration  tool  in  this  particular  environment.  However,  independent  studies  conducted  in  the 
marine  hydrate  setting  in  Cascadia  document  magnetic  susceptibility  contrasts  between  hydrate 
and  non-hydrate-bearing  sediments  that  are  an  order  of  magnitude  larger  than  those  observed  at 
Mallik.  In  this  case,  forward  models  demonstrate  that  the  resulting  magnetic  anomalies  should 
be  detectable  at  the  seafloor.  More  studies  are  underway  to  determine  the  triggers  for  the 
observed  magnetic  reduction  in  gas  hydrate-bearing  sediments,  the  reaction  pathways  and  the 
circumstances  under  which  magnetic  methods  may  be  a  viable  exploration  aid  for  gas  hydrate 
deposits. 
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Can  Fractures  in  Soft  Sediments  Host  Significant 

Quantities  of  Gas  Hydrates? 

POSTER  NOT  AVAILABLE 

Tom  McGee,  Carol  Lutken,  Bob  Woolsey,  Rudy  Rogers,  Jennifer  Dearman,  L.L.  Lynch, 
Charlotte  Brunner,  and  Jenny  Kuykendall 

Current  interest  concerning  what  types  of  geologic  features  contain  significant 
accumulations  of  gas  hydrate  arises  from  the  expectation  that  some  day  commercial  quantities 
of  natural  gas  will  be  produced  from  hydrates.  Various  geologic  structures  within  the  hydrate 
stability  zone  have  been  imaged  seismically  but  there  is  little  consensus  concerning  serious 
candidates  for  exploratory  drilling.  Some  investigators  favor  targeting  sandy  sediments  where 
porosity  and  permeability  are  greater  than  in  silts  and  clays.  Others  expect  fractures  within  fine¬ 
grained  sediments  may  host  greater  volumes  of  hydrates.  The  latter  scenario  seems  to  fit  better 
with  conditions  in  the  hydrate  stability  zone  in  the  northern  Gulf  of  Mexico  and  with  laboratory 
results. 

Hydrates  have  been  created  in  the  laboratory  by  adding  natural  gas,  sea  water  and 
naturally  occurring  microbial  surfactants  to  artificial  sediments  comprised  of  smectite,  kaolinite 
and  sand  under  appropriate  conditions  of  pressure  and  temperature,  findings  show  that 
biosurfactants  greatly  enhance  hydrate  formation  and  that  hydrates  form  preferentially  on 
smectite  (a  known  component  of  soft  sediments  in  the  Gulf)  rather  than  kaolinite  or  sand.  Given 
sufficient  natural  gas,  all  that  remains  to  complete  the  formation  of  hydrates  is  a  mechanism  of 
producing  a  dense  population  of  fractures  open  to  gas  and  water  circulation.  This  presentation 
postulates  that  the  mechanism  is  polygonal  faulting  and  provides  supporting  evidence. 
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Detecting  Methane  Hydrates  Using  Controlled  Source 
Electromagnetic  Imaging 

Simone  Medonos 

Methane  hydrates  are  electrically  insulating  with  a  high  resistivity  signature  relative  to 
surrounding  porous  sediments.  Seismic  reflection  profiling  has  been  predominantly  used  to  infer 
their  presence.  The  bottom  simulating  reflector  (BSR)  indicates  the  lower  boundary  of  the 
hydrate.  In  some  cases,  seismic  profiling  falls  short  of  detecting  hydrates.  For  example,  when 
the  BSR  is  present,  the  upper  limit  of  the  hydrate  can  be  difficult  to  delineate,  and  occasionally 
is  not  present  at  all.  There  is  also  general  difficulty  in  inferring  the  extent  and  mass  of  hydrate 
prior  to  drilling.  CSEMI  may  provide  a  solution  to  such  problems. 

Modelling  has  determined  that  CSEMI  can  detect  hydrates  in  various  scenarios. 
Controlled  source  electromagnetic  imaging  is  a  method  of  mapping  subsurface  electrical 
resistivity  variations  in  the  seafloor  and  has  potential  to  detect  resistivity  contrasts  between 
resistive  hydrates  and  the  surrounding  more  conductive  sediments. 

Controlled  source  EM  imaging  uses  a  towed  horizontal  electric  dipole  (HED)  source  to 
transmit  a  low  frequency  EM  field  to  an  array  of  static  seafloor  receivers.  By  studying  the 
variation  of  the  received  signal  as  the  source  is  towed  through  the  array,  the  electric  resistivity 
structure  of  the  underlying  earth  can  be  determined  at  depth  scales  of  a  few  tens  of  metres  to 
several  km.  The  resulting  fields  are  particularly  sensitive  to  resistive  layers  which  are  thin 
relative  to  their  depth  of  burial.  In  favourable  circumstances  these  layers  can  be  linked  to  the 
presence  of  methane  hydrate. 

This  poster  will  briefly  outline  the  principles  of  the  CSEMI  method,  and  focus  on 
presenting  results  from  modelled  hydrate  case  studies. 
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OHM  Limited 
Aberdeen,  Seotland 
United  Kingdom 

E-mail :  simonemedonos@yahoo.eo.uk 


107 


APPENDIX  B 


OMMLimiM 
Ttm  TeChnotogy 
i  Drive 
iDAn 


Controlled  Solrce  EM  Surveying  For 
Evaluating  Marine  Gas  Hydrate  Deposits 

Simone  Medonos  and  Martin  Sinha 


(J)  Introduction 


Methane  hydrates  en  ccntinenlal  margins 
fiepre9«iin  both  9  potenusi  reswjrw  Arm  9  iwwd.  In 
some  Aases  they  can  be  dabeded  as  seismk: 
hqdziDns  ^  'boOcHn-siinulallng  relleclDra'  •  but  In 
elhef  cases  Ihay  cart  noL  In  alEher  case,  ssjsnec 
malhods  hava  ItmiilBd  ability  to  quantify  the 
proportMjn  dl  hydrale  present  and  any  free  1^ 
trapped 

Hydrate  and  hee  gas  have  electrjqal  lesisliviEies 
ihsi  ase  cHder^qf  n^nitudo  than  moso  of 

aquBDUB  pore  tlukls.  Elecbteteagnatic  survey 
niGlhodiS,  ^Icli  are  responsive  bo  leslstirvlty 
varialkifis,  should  Eherebra  ba  vatuabla  For  tiydiaie 
9ludl€9. 


;  ^  CD 


Modelling  thin  hydrate 
layers 


TTia  graph  below  shows  it>e  compuied  ampMude  pf 
I  alec^  Held  plotted  agamet  sduroe^eoeivef  olfseH. 
for  a  sat  of  s^ple  1 0  niodetSk  and  for  prr  IiVAm  HEP 
a(Abice«nd  ie«irver«hfigu(»tiod, 

The  rvidoiiad  weEer  depth  la  eW  m,  end  the  seabed 
I  rxsnstslB  of  sodlmanlS  of  lesislmity  1  ■ohm-nwtra. 

Embedded  within  the  sedlrnents.  at  a  deplh  0(290  rn  I 
I  below  die  seafloor,  is  b  S  m  thick  layer  ^  hydrate  of 
varying  ne»i3livity. 

I  The  tigure  shows  that  for  reakstK  resistivity  veiues, 
even  such  Ihin  hydrate  layers  should  be  rasdily 
I  datedablehy  the  Dcnmolled  source  EM  method. 


_  .  kfl  ** 

■Huatvpifev 

SQUttMinplflfl.Ojiiai||S^ 
Emfjre&sDock 


CSEMI  survey Ing 


In  CSEMI  surveying,  we  osa  a  deeEKowed  horffiontaJ  elecliMsI  dipota 
{HED}  ebment  as  dw  transmltlBir.  The  unique  DAE1  transmlPef  syslani, 
is  aWa  lo  operate  in  up  to  abcHJi  J  km  of  water,  end  e  fittedi  with  a  300  m 
tong  tOOO  A  dipcM.  TM  iruoUlng  signets  am  meosumd  by  autonomous 
seafloof  recehters.  For  Ihls  pgrpofio.  a  set  of  recording  in^monls  can 
be  deployed.  They  am  each  htled  wdh  two  nohzootoi  ano  one  vertical 
dlpola  and  have  a  24  bil  liogging  capacity.  The  OAShrecervar 
combtnelion  leatitelo  provide  high  quality  dala  at  sourco-recelvesr  offsets 
of  typically  1 5  km,  providing  situctural  bo  daptha  ol  ^ptcally  2r4  hin 
beneath  iheseateor 

the  decay  of  Ihe  amplitude  of  the  Cedric  iifl«  end  the  incmase  (n  its 
phase  delay  {tiavel  tiitie)  with  scuKe^^aiceivaf  offset  am  dependani  on 
suEMesfkjor  eledncat  nwiailvity  atrucium.  Responses  can  be  (dneard 
modelled  or  Inveftad,  to  pnavida  strur:luraE  data  in  14),  £4)  or  3-0. 
depending  oneuivay  con  figu  ration. 


®Thin  layer  detection,  geometric  modes  in 
CSEM  sounding,  and  polarisation  'splitting' 


Whtla  ihegraph  ih  {3)  shdwa  that  frrprfncj^  the  CSEM  mothod  should  bia  abla 
tp  detect  thin  layers  of  resldiive  maitBrIal  (such  09  melhene'  hydrate)  within  Ihe 

seaDoor..  we  need  to  do  more  lo  ehow  that  a  mal  eunmy  over  ouch  a  layer 
would  produce  a  datectflisle  anomaly  in  the  dataobtained. 

The  fiisl  slap  {above,  ifghtji  is  lo  normabsa  lha  amptiluda  data  with  respect  lo 
that  which  wotdd  be  obfalned  m  the  absence  of  a  resisflwly  layer  -  In  ofher 
words,  with  raGpedta  Ihe  cafcutaaed  response  of 400  m  of  sea  water  cwarlying 
a  1  ohrn>ni  seafloor  haVspace.  in  the  ebWice  of  any  anornaly,  the  date  would 
ihffit  pM  at  3  v^ue  on  the  y-aiifs  of  1 .  liiiou‘example,'wese«ltiatlhapd8istiva 
hydmta  layer  produces  a  jigniscani  anorneJy  In  ihe  daia  at  a  source^ecsiver 
olBdl  ol  smuhd  3  hm,  Al  short  rangM.  Ih*  e^nat  *»*  not  p*«elr*t*  d**p 
enough  to  reveal  Ihe  res^twe  layer.  Al  long  ranges,  leakage  of  signal  up 
through  Ihe  water  colufnn.  along  through  the  atmosphere,  ^  beck  down  lo 
the  iBcafver  dacneefies  everaS  seneilivily  la  buned  structure.  In  beEween.  Ihe 
In-line  HGD  source-roootvef  conflguraliw  la  very  senslbve  lo  Ihe  presence  of 
lha  rasiBfive  layer. 

If  the  HED  IrahAnilbar  and  mceivars  am  arranged  In  a  broadside  ConfigurallOn 
[rnidd)*  hgNji  then  in*  inbemclioh  of  the  eiKlmmagneiic  Md  wqh  ihe  Ihin 
msoltva  layer  is  dominaiad  by  a  oontnsting  potahsation.  The  reeull  Is  thal  In 
this  cpoOguiiallon.  the  active  EM  method  b  only  weekly  aensfllve  to  Ihe 
pressnoe  of  (hehytfrele  layer. 

If  wu  Compere  Ihe  In-ime  and  broedAtde  ccmlispiralkini  rteponses,  using  the 
normalised  amptiluda  ptoisfipfOeoh  (balow.  li^)  then  we  see  the  oonirasfing 

bthmdourof  th*  two  gdonwlrte  modn  highlfgMod  Becaute  the  responsei  in 
the  two  geometilip  mudee  are  mcsl  strongly  inRuanced  by  ete^jernagnalk 
Md  pctBTiMlion*  that  inierscfvory  dlffemrUJy  with  ihe  rwistive  tayer.  weare 
able  l!o  observe  a  E^arBcbeistic  'sptitling'  cf  amplilude  responses  caused  by 
the  hydiBiB  layer.  This  splHtliiB  ph^menon  la  a  powerful  dlegnoetic  lool  for 
dateneining  whether  the  MaAMr  odntains  a  reshlli  ve  layer  undBftain<  by  mara 
oomduclive  rtiaterbl  beidw. 


Hi 


®Di  scrim  ifiating 
between  models 


W*  have  trweeligefed  the  atrillEy  of  Ih* 
edJva  EM  moihod  (o  dfcseninilnese 
between  varioue  dlltemnt  dassas  of 
models..  Here  we  show  two 
axan)plo&. 

In  the  first  case  (above,  right),  wa 
Show  Ih*  mspons*  ef  a  model  in 
which  resistivity  increBses 
mohotoniaiiy  wift  dopih  bonealh  Ih* 
seandcr.  This  can  anse  In  maiiy 
dluelions  on  conLnentqd  merguio.  Cpr 
exampi*  if  porosity  decreases  with 
depth  due  bo  conquclian.  If  we  taka 
only  (hBinlineCOnliguralian  response, 
ll  can  be  difficulL  or  impossjbla 
dlelirt^uieh  DKs  fmm  a  budad  hydrela 
layer.  However  if  both  gaometiic 

mod**  »ie  u»d.  the  diagnoitic  tnet  if 
slretgbtforwatd.  snce  the  decreasing 
porosity  model  does  not  produce  ihe 
diagnostic  split'. 

In  our  second  e*irriple,  the  Uuckness 
at  the  overtRirden  is  varied,  but  tha 
resisfive  teyer  remains  detuciable. 


©Modelling  real  situations, 
and  Conclusions 

Wa  have  computed  Eha  in-llna  at^ve  EM 
fttspon***  for  two  teal  s>luallonf .  using  w*ll-log 
data  hum.  ccmtinerttBl  margin  ldcalian&  wrih 
known  irielhanehydmlefto^umuiHiiona 

Our  lifsl  example  (atbove.  rfght^  i*  Eaken  hore 
ODP  Silas  9SA  and  on  Ihe  Cascadia  Margin 
(Hyndman  er  at.,  fS^).  Hera.  Ihe  hydrate  » 
disseminaled.  Bhd  corresponds  to  a  msfstfvlty  of 
iuet  1.8  ohm-m  over  a  depth  inbervat  of  38  m. 

Hofielhelets  a  delectable  trwntfy  i*  indioyled 

Ouf  oeoorid  ewnnpte  is  tanen.  teom  OCR  site  STO 
B1  the  Middle  Amarica  Irendi  (Mathewa  &  von 
Huene.  1965]*.  Here  a  muselve  hydrala  layer  5  nt 
thick  has  a  rasislivify  of  atniA  tSO  ohm-m, 
Heeding  lo  a  very  stmong  pnerfeted  signal  In  the 
active  EM  response. 

W*  condude  that  active  EM  souneBng  on 
conElnantstl  margins  using  HED  source  and 
receiver  conhgurallons  < 


hydnsla  layers. 


- • 


/  . 


Observations  o!  ampMude 
"I  play  an 


tSsoriminatiOni. 
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Subsurface  and  Morphologic  Setting  of 2778  Methane  Seeps 
in  the  Dnepr  Paleo-delta,  Northwestern  Black  Sea 

Lieven  Naudts,  Jens  Greinert,  Yuriy  Artemov  and  Marc  De  Batist 


The  Dnepr  paleo-delta  area  in  the  NW  Black  Sea  is  characterized  by  an  abundant 
presence  of  methane  seeps,  which  were  observed  for  the  first  time  by  Polikarpov  et  al.  in  1989. 
During  the  CRIMEA  expedition  of  May-June  2003  and  2004  detailed  multibeam,  seismic  and 
hydroacoustic  water-column  investigations  were  carried  out  in  the  area  to  study  the  relation 
between  the  spatial  distribution  of  the  methane  seeps,  seafloor  morphology  and  subsurface 
structures. 

During  the  two  expeditions,  2778  new  methane  seeps  were  detected  on  echosounding 
records  in  an  area  of  1540  km2.  All  seeps  are  located  in  the  transition  zone  between  the 
continental  shelf  and  slope,  in  water  depths  of  66  to  825  m.  The  integration  of  the  hydroacoustic 
and  geophysical  datasets  clearly  indicates  that  methane  seeps  are  not  randomly  distributed  in 
this  area,  but  are  concentrated  in  specific  locations. 

The  depth  limit  for  the  majority  of  the  detected  seeps  (725  m  water  depth)  coincides 
more  or  less  with  the  stability  boundary  of  pure  methane  hydrates.  This  suggests  that,  where  gas 
hydrates  are  stable,  they  play  the  role  of  buffer  for  the  upward  migration  of  methane  gas  and 
thus  prevent  seepage  of  methane  bubbles  into  the  water  column. 

Higher  up  on  the  margin,  gas  seeps  are  widespread,  but  careful  mapping  and  integration 
of  the  datasets  illustrates  that  seeps  occur  preferentially  in  association  with  particular 
morphologic  and  subsurface  features.  On  the  shelf  the  highest  concentration  of  seeps  can  be 
found  in  combination  with  elongated  depressions.  On  the  continental  slope  seeps  are 
concentrated  on  crests  of  sedimentary  ridges,  in  the  vicinity  of  canyons  (bottom,  flanks  and 
margins)  or  in  relation  with  submarine  landslides.  The  seismic  data  show  the  presence  of  a 
distinct  “gas  front”  within  the  seafloor  sediments,  which  is  characterised  by  acoustic  blanking 
and  enhanced  reflections.  The  depth  of  this  gas  front  is  variable  and  locally  it  domes  up  to  the 
seafloor.  These  areas  of  gas  front  updoming  coincide  with  areas  where  seeps  were  detected  in 
the  water  column.  A  regional  map  of  the  subsurface  depth  of  the  gas  front  emphasises  this  “gas 
front-seep”  relationship. 

The  integration  of  all  data  sets  allows  us  to  suggest  that  the  spatial  distribution  of 
methane  seeps  in  our  study  area  is  controlled  by  several  factors  (stratigraphic/sedimen¬ 
tary/structural).  The  presence  of  seeps  at  the  crest  lines  of  the  sediment  ridges  can  be  a  result  of 
relief  inversion.  Coarse-grained  sediments  deposited  on  canyon  floors  can  act  as  a  focused 
conduit  for  seepage.  As  a  result  of  the  seepage,  sediments  are  carbonate-cemented  and  stand  out 
as  ridges  after  a  period  of  erosion.  Seeps  associated  with  submarine  landslides  can  be  due  to 
upward  migration  of  fluids  along  faults,  resulting  in  a  reduction  of  slope  stability  or  can  be  the 
result  of  steepened  pore-pressure  gradients  adjacent  to  scarps  due  to  the  sudden  erosion 
associated  with  slumping. 
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A  Re-examination  of  Beaufort  Sea — MacKenzie  Delta  Basin  Gas  Hydrate  Resource  Potential 
Using  a  Petroleum  Play  Approach 

Kirk  G.  Osadetz  and  Zhuoheng  Chen 


An  environment  favoring  gas  hydrate  stability  and  a  timely  petroleum  flux  of 
appropriate  composition  into  suitable  reservoirs  are  necessary  conditions  for  gas  hydrate 
accumulation.  A  re-examination  of  regional  Beaufort  Sea-Mackenzie  Delta  Basin  gas  hydrate 
resources  derived  using  both  deterministic  spatial  and  reservoir  parameter  probabilistic  models 
permit  regional  resource  characterization  as  a  function  of  reservoir  parameters  that  are  potential 
proxies  for  technological  and  economic  supply  definitions.  The  deterministic  total  estimate  = 
8.82x10  m  GfP  portrays  resource  geographic  distribution,  illustrated  by  gas  hydrate  saturation 
(6.40x1 m^  and  4.59x1 0'^  m^  GfP  if  average  gas  saturation  is  >30%  and  >50%,  respectively). 
A  comparable  expected  total  =  10.23x10'^  m^  GfP,  similarly  constrained  (expected  6.93x10*^ 
m^  and  4.20x10*^  m3  GIP  if  gas  saturation  is  >30%  and  >50%,  respectively)  is  obtained  using  a 
probabilistic  method  that  describes  resource  potential  with  an  associated  uncertainty.  Estimates 
of  regionally  sequestered  methane  in  gas  hydrates  constrain  long-term  regional  methane  flux 
rates  from  tectonically  active  petroliferous  provinces,  here  <0.09-4.20  mg/m^/d,  which  is  lower 
than  the  tens  to  hundreds  of  mg/m^/d  suggested  recently. 


Kirk  G.  Osadetz 
Geological  Survey  of  Canada 
3303-33rd  Street,  NW 
Calgary,  AB  T2L  2A7  Canada 


Zhuoheng  Chen 
Geological  Survey  of  Canada 
3303-33rd  Street,  NW 
Calgary,  AB  T2L  2A7  Canada 


111 


APPENDIX  B 


A  RE-EXAMliMATION  OF  BEAUFORT  SEA-MACKENZIE  DELTA  BASIN  GAS  HYDRATE 
RESOURCE  POTENTIAL  USING  A  PETROLEUM  PLAY  APPROACH 

Kirk  G.  Osadciz^  and  Zhuoheng  Chen' 

'  Geological  Survey  of  Canada,  3303-33"*  Street  NW,  Calgary,  AB,  Canada,  T2L  2A7 


SUhAMARY 


Aiimivlf^iiriniiint  liivprlng  tiyilnlii'  ■fatjtllly  an(l  a  limply  petno^iMan  pi' appiopdHBlD  PHMnppaitUHt  Jn|Q 
f liitBLtiD' nj^ivglrf  mro  [HgpfSBiy  cpridhtlpna  NKgac  hydroln  agguipul^jpn.  A  ra>4Sianu(iatli?n  at  regional 
Beemren  Stia-MBek«nti»  Dalu  B»iin  [QMB]  g&i  hydrate  nsAireet  darived  ueiag  baih  dAtemierttlc  spatial 
sfld  nstwvair  psrarvwtfrr  iH«babllisEi«  madalt  pefttili  r Agienal  iwsaurse  etumelerifaliatt  »i  a  Hancliwttfr 
r«(t*vAlf  psfatnaiara  clui  ara  pcoitiM  ipr  (flchfl<ij0gie*l  and  supply  daRjtiUana.  ihs 

dflCwiiilnls|lt1j(rtals*(lmalw  »^flii£jfl''m‘OIPpQrtr^»nMiaLecS'g(ipgrapiilt  disttihgtlgn,  lllusIsahEl  by  gai 

l^dratA  satviacipn  m’  and  4.  m '  CIP  i  r  aaiittaisst  i^H  latgtaEiQin  it  33fi%and  *50^. 

nhspactlvqly^  A  cunifuriMP' SzpQttsd  ipEsE  k  ia.}Jaiia'’in*OIP.  ■■Til&rly  lE^natralngd  ^oipBCtHiKl 
and  4.?l|j!ia”  m’ClP  tl  QH  taUJidllph  ■*  >w%  and  >5*%,  ifl9|»«tivsiy)  it  dlAftir^Sd  Ulrb^  ApsababiliniC  msiheid 
ttial  dovcnbox  nj^ourcs  pots^lul  with  an  assiKlatad  wicgrtalnty.  £f|iniatua  gf  nglanally  uqimhmd  rngthana 
In  Otlt  CDfifbaln  I!gfig4*riii  rgglgdi^l  metharg  figi  ratstAnpni  Iwhhnlgalily  ac|«s  prHngrWsnwt  pmwlnMt,  bgry 
4i.lH-4.Zfl  m^MtVd.  whish  is  Ifiww  Ehsb'trH  Efras  la  hundi«ds«r  tngW.id  s  jggsatMf  luessKry. 


FStjiui^  f.‘  LbsaBrAt  oTwiHls  ntdT  add  wvtn«Lif  .TdAnhuf  ^as  Ayd^aMs  ts  imM  as  the  r/if«inNt  CHSZ  tfi^hiruss  dujt 
at  Aa  BMB,  wnrA  A«  CASSE  tfl  As  BaaciiBerE  Sea  for  taatiif^iaalitfaftneA. 
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rapifl.  i:  awa  CfW  «purjsJKO  in  ponwjnrJdnsJjwSnjAJtrm 
wviV  cHisids,  tfJtf  sfrarmijji  tfm  assdcwi'Axn  AttAKwt  GH 
AAd  eiH  aert^middalASSHiafsuvn  sysfsttt.  aensJ'srsdf  wiA 
carSKm  Jtijftip^c  pat  Jjan^wibign  ar  Ala^Li  AMfl 


rabMi  7i  C&riHiliatt  nbto  sA«Mdp  lAa  assesisB^ 
ofconvBrttonafpcfiTflfeiHn  foonv.J  wdft  m'llA 
tilhicftsf  BMB  GhT  a«uni4aejiJrtS  S«  a  AnKh'iM  ar  GH 
rtsi  lAisSfWss  fWTJ,  jA  (tMhfrte 


METHODS 


Than  is  a  eless  assbeiarlidh  bsEvnaa  SMtvtdliaaal  pbEreieLSh  dMprabMi.  and  aesuntulaiiaA  wiih  G  K  ASOBHanca 
andybgld.  BUS  gas  bydratg  neigunascan  bastbrnatad  batti  iHrivminislicidy,  ggntidanng  |ha  iraifKHtanga 
(»4rdlatiiin  systain  pAMratian  and  migratifin  pathways  and  pnbsfci  lisiically.  eansidaying  Eha  abswvsd 
rramancy  af  G4H  aecunulatidn  sltarastayiaiies  and  hdaiing  rasannain  paramatans.  A  awnpanHsan  of  lha  iwp 
mplhgds,  at  a  fungtign  gl  GH  satuIa|lgn^  ImfHpvcs  ggnfldancv  In  (hg  rpsul  and  ptpvidas  a  baft*  fgrlhp  Kituig 
davaKjpmpnt  gf  ggglgglgal  prgalg*  ftjr  rqsarvpa  parfomiiuiga. 


FSf/uta  2;  Fastanib  AiHdSr^  Ad'a*  fl.a.,  Fsuf^  and  tom  dtooitrH  o\ofi  fof  Ida  BMB.  a  ga««agjbaF  proxy  IddlrbSAr'  fiat 
pat  jMriraridn  rdfp  At  QlfSl.  Wi A  dip  dpstc  of  Aa  awtrArl  5aa  ffu  pppprapAifar  nssnnw. 
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CONCLUSIONS 
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hlfigrtgal  rngtlung  budgtHt  g^  Ehg  atmHHpbf'P. 
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The  Biogeochemical  Cycling  of  Methane  in  Sediments  Overlying  Gas  Hydrates  in  Barkley 
Canyon:  Fatty  Acid  and  Pore  Water  Geochemical  Evidence 

John  Pohlman,  Elizabeth  Canuel,  Laura  Lapham,  Jeffery  Chanton, 

Ross  Chapman  and  Riehard  Coffin 


Massive  seafloor-exposed  thermogenie  gas  hydrates  were  recently  reported  from 
Barkley  Canyon  (Northern  Cascadia  Margin,  offshore  Vancouver  Island).  Profiles  of  dissolved 
constituents  from  sediment  push  cores  collected  with  the  ROV  ROPOS  around  these  hydrate 
mounds  were  obtained  from  samples  collected  in  June  2003  to  investigate  the  biogeochemical 
cycling  of  dissolved  methane  in  sediments  overlying  and  adjacent  to  gas  hydrate  mounds.  The 
cores  were  collected  from  within  four  distinct  ecological  regions  near  the  hydrates:  1)  bare 
sediment;  2)  vesicomyid  clam  communities;  3)  bacterial  mats;  and  4)  carbonate  encrusted 
sediments.  Of  nine  cores  analyzed,  four  had  high  concentrations  of  methane  (0.4-12  mM)  and 
offered  evidence  for  extensive  anaerobic  oxidation  of  methane  (AOM).  For  example,  within  the 
sulfate-methane  interface  (SMI),  we  observed  depletion  of  methane  and  sulfate  (AOM 
substrate)  and  enrichment  of  dissolved  inorganic  carbon  (DIG)  (14-26  mM)  (AOM  products). 
Below  the  SMI,  near-surface  methanogenesis  contributed  to  the  high  methane  concentrations. 
AOM  in  sediments  covering  gas  hydrates  was  an  efficient  mechanism  for  blocking  the  transfer 
of  methane  from  hydrates  into  the  water  column.  On  average,  the  near-surface  dissolved 
methane  pore  water  concentrations  were  93%  lower  than  the  highest  concentration  within  each 
push  core.  These  observations  will  help  us  understand  the  factors  that  control  the  fate  of 
methane  in  seafloor  hydrate  fields  and  have  implications  for  delineating  the  contribution  of  gas 
hydrates  in  global  carbon  and  methane  budgets.  Compound  specific  carbon  stable  isotope 
analysis  was  performed  on  fatty  acids  from  a  gas-charged  core  exhibiting  evidence  of  AOM. 
Depletion  of  in  fatty  acids  known  to  occur  in  sulfate  reducing  bacteria  (SRB)  supports  the 
hypothesis  that  these  bacteria  were  associated  with  AOM.  Recent  studies  from  cores  collected 
near  hydrate  accumulations  at  Hydrate  Ridge  and  Bush  Hill  (Gulf  of  Mexico)  also  reported 
depletion  in  fatty  acids.  The  fatty  acids  exhibiting  the  depletion,  however,  were  different. 
The  difference  was  attributed  to  the  presence  of  different  SRB  or  other  bacterial  species.  We 
observed  depletion  in  the  fatty  acids  reported  from  both  sites,  which  may  suggest  a  more 
diverse  SRB  community  in  Barkley  Canyon.  Future  studies  will  investigate  the 
chemotaxonomic  diversity  of  additional  cores  collected  within  the  distinct  ecological  regions 
observed  in  Barkley  Canyon. 
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Characterizing  Methane  Hydrate  Through  Scientific  Ocean  Drilling 
POSTER  NOT  AVAILABLE 
Frank  R.  Rack 

Scientists  will  focus  on  characterizing  methane  hydrate  across  the  Cascadia  continental 
margin,  offshore  British  Columbia,  Canada,  during  Integrated  Ocean  Drilling  Program  (lODP) 
Expedition  311  (http://www.iodp.org)  from  August  24  to  October  7,  2005  using  the  JOIDES 
Resolution,  a  471 -foot- long,  riserless,  scientific  ocean  drilling  vessel  (SODV)  operated  by  the 
JOI  Alliance,  or  U.S.  implementing  Organization  (http://www.oceandrilling.org).  The 
operations  offshore  Cascadia  are  the  latest  in  a  long  history  of  scientific  ocean  drilling 
investigations  of  methane  hydrate  and  bottom  simulating  reflectors  (BSR),  which  began  with  the 
Deep  Sea  Drilling  Project  (DSDP)  in  1968  and  continued  through  the  Ocean  Drilling  Program 
(ODP),  which  ended  in  2003.  The  technologies  developed  and  lessons  learned  from  these  past 
activities,  which  included  dedicated  hydrate  investigations  on  ODP  Legs  164  (Blake  Ridge  and 
Carolina  Rise)  and  204  (Hydrate  Ridge,  offshore  Oregon),  will  be  used  to  advance  the  current 
state  of  the  art  on  this  upcoming  lODP  expedition.  The  current  operational  plans  include  the 
potential  use  of  various  pressure  coring  systems  (e.g.,  PCS  and  HYACINTH  tools),  wireline 
downhole  temperature  and  pressure  measurements,  logging-while-drilling/measurement-while- 
drilling  (LWD/MWD)  systems,  and  other  measurement,  sampling  and  laboratory  techniques  to 
advance  our  understanding  of  these  deposits.  Collaborative  projects  are  being  explored  in  an 
attempt  to  provide  the  optimum  technical,  scientific  and  engineering  capabilities  to  the  science 
party  on  this  expedition. 


Dr.  Frank  R.  Rack,  Director 

Ocean  Drilling  Programs  (lODP-USIO  and  ODP) 

and  DOE  Programs  (Gas  Hydrates) 

Joint  Oceanographic  Institutions,  Inc. 
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New  Dissociation  Model  of  Methane  Hydrate  Developed  by 
CFD  and  Experiment 

Wo- Yang  Sean,  Tom  Sato,  Akihiro  Yamasaki  and  Fumio  Kiyono 

The  deeomposition  rate  of  methane  hydrate  in  aqueous  solute  is  newly  modeled.  The 
model  consists  of  two  parts:  one  is  mass  transfer  from  the  surface  to  an  imaginary  buffer  layer, 
and  the  other  is  that  from  the  buffer  layer  to  solute.  In  the  buffer  layer,  chemical  potential  is  the 
driving  force  of  the  decomposition,  the  flux  of  which  must  be  equal  to  that  from  the  buffer  layer 
to  the  solute,  where  advection-difflision  takes  place.  To  determine  the  dissociation  rate  constant, 
a  single  spherical  pellet  of  the  hydrate  is  considered.  In  order  to  make  calibration  curves 
between  the  decomposition  rate  and  the  methane  flux  under  several  conditions  of  pressure  and 
temperature  in  the  L-H  phase  regime,  we  conducted  numerical  simulations  of  flow  and  mass  and 
heat  transfer  about  the  pellet  with  3 -dimensional  unstmctured  grids.  The  flux  from  the  pellet 
measured  in  laboratory  experiments  were  applied  to  the  curves  to  obtain  the  intrinsic 
decomposition  rate  constant.  This  rate  constant  was  verified  by  the  measurement  of  the  amount 
of  methane  babbles  dissociated  form  the  pellet  in  the  V-H  phase  regime.  Eventually,  it  was 
shown  that  the  mass  flux  at  the  pellet  surface  calculated  by  our  new  dissociation  model  is  in 
good  agreement  with  that  of  measurement. 


Tom  Sato 

University  of  Tokyo,  Japan 
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New  dissociation  modei  of  methane  hydrate 
deveioped  by  CFD  and  Experiment 

Wu-Yang  Sean‘“  .  Tom  Satoi.  Mihiro  Yamasaki.  Fumio  Kiyono^ 

'Department  of  Environmental  Studies.  University  of  Tokyo,  Japan 
‘tiatiooal  Institute  of  Advanced  Industrial  Science  and  Technology  (AIST).  Japan 
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Methane  Hydrate  Research  at  Heriot-Watt  University 
Bahman  Tohidi 

The  Centre  for  Gas  Hydrate  Research,  Heriot-Watt  University,  has  been  active  in 
various  areas  of  methane  hydrate  research  since  1986.  Among  some  20  operational  hydrate 
experimental  set-ups,  the  Centre  currently  has  five  designed  specifically  for  investigating 
hydrates  in  natural  and  synthetic  sediments  samples.  These  include: 

•  A  Porous  Media  Rig  (Max  400  bar)  for  investigating  hydrate  equilibria  and  kinetics 
in  porous  media,  including  the  effects  of  sediment  mineralogy,  pore  size  distribution, 
wettability,  gas/liquid  saturation  and  pore  water  salinity. 

•  Two  Glass  Micromodel  Rigs  (Max  80  and  400  bar)  for  visual  studies  of  gas  hydrate 
systems  at  the  pore  scale  in  synthetic  2-D  (one  pore  thickness)  models.  Micromodels 
provide  novel  visual  information  on  the  mechanisms  of  gas  hydrate  formation  (e.g., 
from  free  gas  and/or  dissolved  gas)  and  dissociation,  hydrate  morphology  and 
distribution  of  phases  within  pore  space  as  a  function  of  various  parameters  (e.g., 
subcooling,  gas  composition,  salinity,  wettability). 

•  Two  Ultrasonic  Rigs  (Max  400  bar)  for  investigating  physical  and  mechanical 
properties  of  hydrate-bearing  sediments.  Ultrasonic  set-ups  can  be  used  to  study 
sonic  velocity,  resistivity,  porosity,  apparent  relative  permeability,  hydrate 
cementing  characteristics  and  sediment  mechanical  strength  as  a  function  of  various 
parameters  (e.g.,  hydrate  saturation,  pore  and  overburden  pressures,  mineralogy,  gas 
and  liquid  compositions).  Additionally,  they  provide  a  means  to  simulate  various 
scenarios  such  as  gas  production  from  hydrates  and  CO2  sequestration  in  the  hydrate 
stability  zone. 

The  aim  of  this  presentation  is  to  provide  an  overview  of  experimental  set-ups  and 
important  results  to  date,  setting  the  scene  for  discussion  on  further  studies  and  the  potential  for 
future  international  collaboration. 

Professor  Bahman  Tohidi 
Centre  for  Gas  Hydrate  Researeh 
Institute  of  Petroleum  Engineering 
Heriot-Watt  University 
Edinburgh  EH14  4AS  UK 
bahman.tohidi@pet.hw.ae.uk 
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Seismic  Investigations  With  S-waves  of  Gas  Hydrate  Systems  in  the  Continental  Margins  of 
NW  Svalbard  and  Western  Norway,  off  Storegga 

Graham  Westbrook  and  members  of  the  HYDRATECH  Consortium 

High-resolution  seismic  data  from  arrays  of  closely  spaced  four-component  ocean- 
bottom  seismic  recorders,  acquired  from  two  sites  off  western  Svalbard,  and  from  one  site  on 
the  northern  margin  of  the  Storegga  slide,  off  Norway,  show  S  waves,  generated  by  P-S 
conversion  on  reflection,  in  addition  to  P  waves.  The  P  and  P-S  waves  were  inverted  jointly  to 
provide  P  and  S  velocity  models,  using  3-D  travel-time  tomography,  2-D  ray  tracing  and  1-D 
waveform  inversion.  At  the  NW  Svalbard  Site,  positive  Vp  anomalies  above  a  BSR  indicate  the 
presence  of  gas  hydrate.  A  layer  up  to  150-m  thick,  containing  free  gas,  beneath  the  BSR  is 
indicated  by  a  large  reduction  in  Vp  without  a  significant  reduction  in  Vs.  At  the  Storegga  slide 
site,  the  lateral  and  vertical  variation  in  Vp  and  Vs  and  the  variation  in  amplitude  and  polarity  of 
reflectors  indicate  a  heterogeneous  distribution  of  hydrate  that  is  controlled  by  stratigraphically 
mediated  migration  of  gas.  S-wave  velocity  provides  an  important  constraint  in  predicting 
hydrate  concentration  and  yields  lower  concentrations  than  predictions  based  on  Vp  alone. 
Hydrate  concentrations  of  up  to  5%  and  1 1%  of  pore  space,  at  the  NW  Svalbard  site,  and  of  up 
to  10%  or  20%  at  the  Storegga  site,  depending  on  the  model  for  hydrate  cementation,  were 
derived  using  Biot-theory-based  and  differential  effective  medium  approaches. 

The  S  waves  show  clear  evidence  of  azimuthal  seismic  anisotropy.  Analysis  of  the  azi¬ 
muthal  variation  in  response  of  the  transverse  horizontal  component,  particle-motion  hodo- 
grams  and  full-waveform  anisotropic  modelling  indicate  an  azimuthal  variation  in  velocity  of  up 
to  10%  in  the  free-gas  zone  beneath  the  BSR,  and  weaker  anisotropy  in  the  hydrate  zone  above 
it.  The  polarisation  direction  of  the  fastest  shear  wave  is  broadly  NW-SE,  varying  between  115° 
and  135°  as  a  function  of  location  and,  in  places,  depth.  The  most  probable  explanation  for  this 
anisotropy  is  the  presence  of  near  vertical,  aligned  micro-cracks  parallel  to  the  fast  direction, 
containing  gas  below  the  BSR  and  a  combination  of  hydrate  and  pore  water  above.  These  cracks 
may  act  as  migration  pathways  for  methane  in  solution  and  free  gas. 
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Coordinated  Mapping  and  Quantification  of  Ocean  Floor  Hydrate-associated  Methane 
Sources  With  Manned  Submersibles,  AUVs  and  Moored  Event-driven  Sensor  Arrays 

POSTER  NOT  AVAILABLE 

Jean  Whelan,  Richard  Camilli,  Oscar  Pizarro,  Norman  Parr,  Joanne  Goudreau, 

Christopher  Martens,  and  Howard  Mendlovitz 

Recent  evidence  has  shown  that  gases,  particularly  methane,  are  at  high  concentrations 
in  many  gas  hydrate  areas  which  actively  vent  methane-enriched  cold  fluids  through  the  ocean 
floor.  Occasionally  episodes  of  massive  bubble  plume  eruptions  occur.  More  commonly, 
dissolved  gases,  sometimes  along  with  small  bubble  streams,  vent  through  small  fissures  in  the 
ocean  floor.  This  venting  occurs  in  many  locations  worldwide  and  is  important  to  the  biology, 
chemistry  and  geology  of  the  ocean.  However,  no  standard  strategy  exists  for  systematic 
exploration  and  mapping  of  these  highly  localized  vent  features,  and  at  the  present  time  these 
methane  vents  continue  to  be  found  almost  accidentally.  Even  after  methane  venting  features  are 
found  and  mapped,  it  is  difficult  to  obtain  reliable  measurements  of  gas  fluxes  because  venting 
tends  to  be  very  heterogeneous  and  episodic.  As  a  result,  the  effects  of  a  major  source  of  gas 
venting  to  the  oceans  and  its  effects  on  seafloor  and  sub-seafloor  gas  hydrates  are  almost 
unknown.  We  describe  a  comprehensive  approach  being  applied  in  the  Gulf  of  Mexico 
(MC 1 1 8)  for  seafloor  monitoring  of  gas,  oil  and  fluids  venting  from  methane  hydrate  mounds  in 
order  to  assess  their  influence  on  biogeochemistry  and  microbial  communities  in  bottom  waters 
surrounding  the  hydrate  zone.  This  approach  first  utilizes  AUVs  as  reconnaissance  platforms  to 
provide  initial  chemical  and  bathymetric  surveys  of  the  study  area.  This  data  is  then  processed 
into  maps  which  are  used  to  identify  target  sites  of  potential  methane  seep  and  exposed  methane 
hydrate  areas.  Following  the  AUV  survey,  a  manned  submersible  equipped  with  a  Gemini  in 
situ  mass  spectrometer  is  then  used  to  localize  the  methane  seep  sources.  The  manned 
submersible  is  then  used  in  conjunction  with  a  surface  ship  to  position  a  50-meter-high  tethered 
benthic  boundary  layer  array  (BBLA)  near  the  methane  seeps  and  hydrate  features,  and  to  place 
chimney  sampling  arrays  (CSA)  directly  over  target  features.  Initial  results  of  the  approach  from 
recent  cruises  to  North  Carolina  seafloor  pockmarks,  the  Puerto  Rico  Trench  and  the  Chile 
Margin  are  described. 


Jean  Whelan 

Woods  Hole  Oeeanographie  Institution 
Woods  Hole,  MA  USA 
E-mail:  jwhelan@whoi.edu 

Osear  Pizarro 

Woods  Hole  Oeeanographie  Institution 
Woods  Hole,  MA  USA 

Norman  Farr 

Woods  Hole  Oeeanographie  Institution 
Woods  Hole,  MA  USA 


Riehard  Camilli 

Woods  Hole  Oeeanographie  Institution 
Woods  Hole,  MA  USA 

Joanne  Goudreau 

Woods  Hole  Oeeanographie  Institution 
Woods  Hole,  MA  USA 

Christopher  Martens 
University  of  North  Carolina 
Chapel  Hill,  NC  USA 

Howard  Mendlovitz 
University  of  North  Carolina 
Chapel  Hill,  NC  USA 


122 


APPENDIX  B 


Thermodynamic  and  Kinetic  Stability  of  Clathrate  Hydrates 
Mary  Anne  White 

Through  investigation  of  model  hydrates,  we  have  investigated  aspeets  of  both 
thermodynamic  and  kinetic  stability  of  clathrate  hydrates.  Thermodynamic  aspects  have  been 
studied  for  bulk  samples.  Kinetic  aspects  have  been  explored  through  studies  of  the  influence  of 
surfactant  on  nucleation  of  clathrate  hydrates  from  emulsions  of  THF  (tetrahydrofliran)/ 
water  suspended  in  an  immiscible  fluid. 
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Objectives 


A.  Thermodynamic  aspects  of  stability 

via  rhennochiiannc  n'cles  for  bulk  ninmiob 

B.  Kinetic  aspects  of  stability 

\io  freezing  studies  of  emulsions 


Low  Thermal  Conductivity  of  Clathrate  Hydrates 
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fL  Thefmodynamlc  Approaches  to  Uncterstandlng  Stablllly 
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Clathrate  Hydrates  Investigated 
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Structure  II 
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Clathrate  Hydrates  Investigated 
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e6  +  BgfiHjO  — >  E06B6H,6' 


Thermodynamic  Conclusions 


«  claUiratB  hyiiratas  are  atabillzad  ralHtivH  to  saparatad  guBata  and  H^O 
by  antnsipic  intarActiana!  A^^Hca 

<  at  low  T,  can  Im  favoLiratHa 

■  abova  malting  point  oT  guaat.  tha  clatbrata  Jiydrata  la  iaaa  atabJllzad 
bacauaa  not  aa  favourabla 

-  above  melting  point  of  the  claihrate  hydrate  la  less  stabilized 
because  not  as  favourable 

•  stability  of  clathrate  hydrate  relative  to  separated  guests  is  Tine 
balance  between  enthalpy  and  entropy 


MA.  Wluw.  D.C.  MicLarcn.  ILA.  Muner  indB.-Z,  Zlan,  CajNNftsK  Jouma!  ofPfiyiSes 

i?s.isn2ot>a) _ 


Ac  17  HjO 


B.  Kinetic  Approaches  to  Understanding  Stability 


I  r=dK  I  Ac  +  17  HjO 
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Aim: 

Investigate  freezing  and  melting  behaviour  of 
THF  clathrate  hydrate  as  an  emulsion  in  oil 
(homogeneous  freezing  conditions) 

AND  look  at  influence  of  surfactant  (if  any) 
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Non-4onlc  surfactants  Studted 
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Kinetic  Studies  Conclusions 


•  Ice  nucleates  hydrate 

•  hydrate  does  not  nucleate  ice 

•  factors  on  which  hydrate-in-emuision  nucleation  depend: 

-  cooling  rate 

•  droplet  si2e 

•  surfactant  concentration 

•  surfactant  type 
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A  Comparative  Study  of  Seismic,  Electromagnetic  and  Seafloor  Compliance  Methods  For 
The  Assessment  of  Marine  Gas  Hydrate  Deposits 

E.  C.  Willoughby,  K.  Schwalenberg,  R.N.  Edwards,  R.  Mir,  G.D.  Spence  and  R.D.  Hyndman 


The  existence,  distribution  and  concentration  of  marine  natural  gas  hydrate  are  mostly 
diagnosed  using  seismic  data.  The  base  of  the  hydrate  stability  zone  marks  an  acoustic 
impedance  contrast,  which  generally  mimics  seafloor  topography  and  is  associated  with  a 
bright,  negative-polarity  reflector,  known  as  the  Bottom  Simulating  Reflector  (BSR).  However, 
limitations  of  seismic  methods  include  uncertainty  in  the  origin  of  the  BSR,  which  does  not 
distinguish  between  low  velocity  gas  and  high  velocity  hydrate,  blanking  and  lack  of  clear  upper 
boundary  reflections.  Sufficiently  accurate  hydrate  layer  velocities  have  been  obtained  at  few 
sites,  and  these  could  better  evaluate  hydrate  content  with  reference  to  velocities  in  similar 
sediments  without  hydrate — a  situation  very  difficult  to  find.  Therefore,  estimation  of  the  total 
mass  of  a  deposit  is  difficult  using  seismic  data  alone.  We  have  developed  two  supplementary 
geophysical  imaging  techniques  for  the  evaluation  of  marine  hydrate:  a  deep-towed  controlled- 
source  electromagnetic  (CSEM)  and  a  seafloor  compliance  experiment.  These  methods  are 
sensitive  to  physical  properties  of  the  sedimentary  section,  which  are  modified  by  the  presence 
of  gas  hydrate,  namely  the  resistivity  and  the  bulk  shear  modulus  depth  profile,  respectively. 
CSEM  data  are  gathered  by  inline  receivers  towed  behind  an  AC  transmitter;  high  precision 
timing  allows  measurement  of  the  EM  field  propagation  time  through  marine  sediments  which 
is  proportional  to  resistivity,  which  is  increased  by  the  presence  of  insulating  hydrate.  Seafloor 
compliance  is  the  transfer  function  between  pressure  induced  on  the  seafloor  by  surface  gravity 
waves  and  the  associated  deformation  of  the  seafloor.  It  is  mostly  sensitive  to  shear  modulus 
anomalies.  Shear  modulus  is  increased  by  hydrates,  which  can  cement  grains  together.  Here  we 
present  field  data  at  a  gas  hydrate  site,  south  of  ODP  Hole  889B  in  northern  Cascadia,  over  a 
proposed  new  lODP  transect,  where  these  three  methodologies  can  be  compared. 
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Assessment  of  AAarine  Gas  Hydrate  Deposits:  A  Comparative  Study  of 
Seismic,  Electromasnetic  and  Seafloor  Compliance  Methods 
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Marine  Gas  Hydrate  Studies  off  Vancouver  Is.,  W.  Canada 
ABSTRACT  NOT  AVAILABLE 
R.  Hyndman 


Marine  Oaa  Hydrate  Studies  off  VaiKouver  Is.,  W.  Canada 
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Cold  Vents  and  Gas  Hydrates  on  the  Hikurangi  Margin:  Prospects  for  a  Joint  German-NZ 
Research  Cruise  in  2007 

ABSTRACT  NOT  AVAILABLE 

J.  Greinert,  1.  Pecher,  S.  Noddler,  K.  Campbell,  and  A.  Alfano. 


COLD  VENTS  AND  GAS  HYDRATES  ON  THE  HIKURANGI  MARGIN: 
PROSPECTS  FOR  A  JOINT  GERMAN-NZ  RESEARCH  CRUISE  IN  2007 


X  L  Pe0irr‘,  $.  Nodder',  K.  Cainpb^tl',  A.  AllUnii' 
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Understanding  Hydrate  Processes  Through  Molecular  and  Thermodynamic  Modeling 
ABSTRACT  NOT  AVAILABLE 

C.  J.  Anderson,  R.  Rakrishnan,  J.  W.  Tester,  and  B.  L.  Trout 


Understanding  Hydrate  Processes  Through  Molecular  and  Thermodynamic  Modeling 


Brian  J.  Anderson.  KaM  Kadlsikridinan.  JclTcrsun  W.  I'cMcf.  and  BcnilutUl  L.  TtuiU* 
UcpaflmcDl  of  CbcniKal  LotiuKoiBK.  MauachuKtl*  IntiiiMc  ofTcctaaolofO’,  Cambruljtc.  MA  02139.  USA 
*  CwiTvifKiiiiltng  Author.  E'liuul:  intuKa  mii.cdu 


H>dratc  Claihratrs 


Our  objective  is  to  itain  insight 
lliat  is  ulhcrMistf  difllcult  lu  obtain 
expenmenuUy. 

Oir  modeling  efforts  lire  based  oo 
a  nitfcliaiiistic  understanding  of  tlic 
intcnnoiccular  interactions 
between  the  guest  and  host 
molecules 


Nucleation  of  the  ciathrale  was  successfully  observed  in  MC 
simulations  asing  realistic  potentials,  a  multi-dimensional  order- 
parameter  fonnalism.  and  the  Landau-Ginzburg  metliod. 

Local  structuring  hypothesis  was  proposed  and  vcnficd  as  a 
Mubk*  mechanism  fur  nucIcalHin.  labile  cluster  hypothesis  by 
Sloan  is  not  valid. 

Critical  si/e  of  the  nucleus  was  estimated  to  he  between  1 2  A 
and  IS  A  from  the  free  energy  studies  (classical  iiucicalion  theory 
predicts  31  A). 


Kinetics  of  C  laihrate  Processes  i  -‘-r  - - ir.« 
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Cell  Potential  method  i nm. 


fre(ltiti.*i  uf  SwiranI  Chain  in 
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Nucleation  is  depicted  by  the  minimum  frec-cnergy  path 
(solid  blue  line)  in  order  parameter  space. 
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•  Experimcnul  value: 

I  ie« 
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•  C  omplex  phase  cv^uitibna  such  as  pseudo-retrograde  decomposition 
are  predicted  uith  incredibk  accuracy 

*  Quinluple  poinu  liasc  been  predKied  and  await  cxpcrinicnul  testing 
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QUESTIONAIRE 

International  Database  for  Collaborative  Research  on  Gas  Hydrates 

Data  Collection  Form 

The  purpose  of  this  electronic  data  collection  form  is  to  compile  a  database  of  expertise 
in  gas  hydrate  research  in  order  to  assist  the  development  of  international  collaboration. 

Please  take  the  time  to  complete  this  form  ‘on-line’  and  on  completion,  please  return  it  via  email 
to  Ross  Chapman  <  chapman@uvic.ca  >,  who  is  convening  the  next  international  Workshop  in 
Victoria,  BC  (9-11  May  2005).  Those  agreeing  to  complete  this  form  will  be  given  full  access 
to  the  database  and  its  continuing  up-dates. 

Thank  you  for  your  cooperation. 
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Data  Source  Identification 

Click  in  the  grey  shaded  field  areas  ‘  '  below  to  enter  details 

Full  name  of  the  Principal 
Investigator: 

Title,  First  &  Last  names 

The  full  title  and  address  of  your 
organization 

Your  contact 
details: 

Tel: 

Fax: 

Email: 

Questionnaire 

1 .  Research  Motivation 

Please  score  every  item  (La  to  Lh)  usins  a  scale  of  1  -  5  (5  =  strong  interest,  1=  no  interest) 

and  add  any  relevant  information  in  the  grey  shaded  area  opposite. 

1  .a.  Future  Energy 

0 

Additional  information? 

1  .b.  Seabed  Stability 

0 

Additional  information? 

1  .c.  Climate  Change 

0 

Additional  information? 

1  .d.  Chemosynthetics 

0 

Additional  information? 

l.e.  Sequestration 

0 

Additional  information? 

1  .f  Basic  Science 

0 

Additional  information? 

1  .g.  Defense 

0 

Additional  information  ? 

1  .h.  Other,  please  specify  here: 
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2.  Technical  Expertise 

Please  click  in  the  Grey  Box  to  make  a  selection  from  the  drop-down  list  to  score: 

Unique 

World-class,  or 

Significant 

2. a.  Seismics 

Click  here 

Additional  information? 

2.b.  Electromagnetics 

Click  here 

Additional  information? 

2.C.  Seabed  Mapping 

Click  here 

Additional  information? 

2.d.  OBS 

Click  here 

Additional  information? 

2.e.  Sound  Speed 

Click  here 

Additional  information? 

2.f.  Drilling  (including 

lODP) 

Click  here 

Additional  information? 

2.g.  Coring 

Click  here 

Additional  information? 

2.h.  Source  Characterization 

Click  here 

Additional  information? 

2.i.  Material 

Characterization 

Click  here 

Additional  information? 

2.j.  Heat- flow 

Click  here 

Additional  information? 

2.k.  Vent  &  Flares 

Click  here 

Additional  information? 

2.1.  Seabed  Dynamics  & 
Slope  Stability 

Click  here 

Additional  information? 

2.m.  Radio  Carbon  Isotopes 

Click  here 

Additional  information? 

2.n.  Modelling 

Click  here 

Additional  information? 

2.0.  Lab  Techniques  &  - 
Synthetics 

Click  here 

Additional  information? 

2.p.  Geochemistry 

Click  here 

Additional  information? 

2.q.  Fluid  Flow  Chemistry 

(pore  water,  water  column  &  hydrate) 

Click  here 

Additional  information? 

2.r.  Biological  & 

Chemosynthetics 

Click  here 

Additional  information? 

2.S.  Additional  information? 
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3.  Availability  of  Equipment,  Laboratory  and  Test  Facilities 

For  each  criterion  (Equipment^  Laboratory,  and  Test  Facilities)  please  click  in  the  grey  boxes  to  make  a  selection  from  the 
drop-down  list  to  score  as  appropriate: 

Specific  in-house  development 

Commercially  available  with  in-house  modifications  or 

Commercially  available 

Equipment 

Laboratory 

Modeling 

Test  Facilities 

3. a.  Seismics 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.b.  Electromagnetics 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.C.  Seabed  Mapping 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.d.  OBS 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.e.  Sound  Speed 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.f  Drilling 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.g.  Coring 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.h.  Source  Characterization 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.i.  Material  Characterization 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.j.  Heat  Flow 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.k.  Vent  &  Flares 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.1.  Seabed  Dynamics  &  Slope  Stability 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.m.  Radio  Carbon  Isotopes 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.n.  Modelling 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.0.  Lab  Techniques  &  Synthetics 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.p.  Geochemistry 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.q.  Fluid  Flow  Chemistry 

{pore-water,  water-column  &  l^drate) 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.r.  Biological  &  Chemosynthetics 

Click  here  to  select 

Click  here  to  select 

Click  here  to  select 

3.S.  Additional  information? 
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4.  Current  or  Planned  ‘Operating  Environment’ 

Please  click  in  the  Grey  box  to  make  a  selection  from  the  drop-down  list  in  each  section 

4.a.  Ship 

Click  here  to  select 

Other?  Specify  below  in  4.d 

4.b.  Permafrost 

Click  here  to  select 

Other?  Specify  below  in  4.d 

4.C.  Laboratory&  Modeling 
Click  here  to  select 

Other?  Specify  below  in  4.d 

4.d.  Additional  information? 

5.  Details  of  Existing  Program/s  (submit  more  than  one  questionnaire  if  necessary) 

5. a.  Full  title  of  your  program 

5.b.  Click  to  check  a  box  if  your 
program  is 

planned,  or  confirmed 

Planned  □ 

Confirmed  □  Other?  Please  specify 

5.C.  Program  start  date: 

5d.  Program  end  date: 

5.d.  State  Funding  Authority: 

5.e.  Program  collaborators 

{inch  details  of  their  technical  input) 

5.f.  Budget  {optional) 

5.g.  Location  for  field  work 

5.h.  Modeling/Laboratory  studies 

5.i.  Details  of  future  proposals 

5.j.  Additional  information? 

1 
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6.  Willingness  &  scope  to  make  changes  to  your  program  in  order  to  enhance  collaboration: 


To  indicate  a  positive  response,  please  click  in  the  grey  box  next  to  your  selection/s  to  check  it.  / 


6. a.  To  work  in  an  additional  (or  other) 
area/s  outside  your  national  EEZ 

□ 

Additional  information? 

6.b.  To  incorporate  additional 
objectives  and  techniques  in  your 

□ 

Additional  information? 

program 

6.C.  To  seek  complimentary  technologies 
to  augment  your  program 

□ 

Additional  information? 

6.d.  To  seek  collaborative  funding 

□ 

Additional  information? 

6.e.  Additional  information? 


7.  Please  add  any  further  comments  which  you  feel  would  be  beneficial 


Thank  you  for  completing  this  questionnaire. 

Please  send  your  response  to  Ross  Chapman  <  chapman@uvic.ca  > 
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